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CHAPTER 1 
INTRODUCTION 
1.1 Background Information 
Nationwide, an estimated 245,000 residential units and 45,000 non-
residential structures are demolished every year (NAHB, 1998). Michigan Lead Safe 
Partnership recorded 26% of the 4,234,279 homes in Michigan homes are old, 
making them likely to present significant lead hazards to the children. The state of 
Michigan received federal aid in August 21, 2013 to demolish abandoned buildings 
and fight blight in Detroit, Flint, Saginaw, Pontiac and Grand Rapids cities. It is 
estimated that the City of Detroit has as many as 78,000 vacant and abandoned 
buildings, and neighbors surrounding these properties say the homes have become 
magnets for crime – from drug dealing to thievery of materials inside – pushing 
down property values and making neighborhoods unsafe. 
Governor Rick Snyder said "with these federal funds, we'll be able to launch 
large-scale demolition programs that strike at the blight that is weakening too many 
neighborhoods in these cities, and this aggressive anti-blight effort will help 
stabilize neighborhoods that have been struggling for years. As the abandoned 
properties come down, property values will go up, and crime will go down. That will 
encourage the people who live in these neighborhoods to stay in their homes and be 
part of the revitalization of their communities." Since 2009, the City of Detroit 
Buildings and Safety Department demolished about 7,000 properties across the city. 
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Figure 1.1: Statistical data of houses built in Detroit city between 1850-2011 
(Detroit Future City, March 2014). 
 
The traditional methods of building demolition are giving way to more 
sophisticated methods such as house deconstruction, which cut down the cost of 
waste disposal and increase revenue. Deconstruction of a house which is the 
systematic disassembling of the building materials to reuse or resell, known as 
“Recycling”, is gaining popularity as a more environment-friendly alternative to the 
total demolition of building. Demolition on the other hand, is the tearing down of the 
entire building and the debris from this usually ends in either a municipal or a 
construction and demolition landfill. House deconstruction can be more cost-
effective than demolition across a range of building types, because of the rising costs 
of landfill disposal and the re-sale values of many recovered building materials. 
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It is possible to salvage building components like wood flooring, raised panel 
doors, ornate interior and exterior trim, electrical and plumbing fixtures/framing 
and bricks. Preliminary results from a pilot project by the U.S. Environmental 
Protection Agency (U.S. EPA) and the National Association of Home Builders (NAHB) 
Research Center indicate that deconstruction may cost 30 to 50 percent less than 
straight demolition. While labor costs can be higher due to the nature of the work, 
they are often offset by lower equipment costs. Deconstruction does not require as 
much heavy equipment but rather relies primarily on hand tools and small 
machinery; therefore, equipment rental costs are lower. The benefits of 
deconstruction include but not limited to: income from the sale of salvaged 
materials, reduced waste disposal and transportation costs, business marketing 
opportunities to environmentally-aware customers, lower cost of building materials 
for the community, less consumption of new resources, conserving landfill space 
and reducing the level of pollution in the environment, the last one being the focus 
of this study. 
Reclaim Detroit – a non-profit organization is using deconstruction as a new 
way to help tackle Detroit's unemployment problem, by helping create jobs. 
Deconstruction has some limitations and suffers from drawbacks that include: time 
constraint, the inferiority of the salvaged building materials and disincentive in 
streamlining the deconstruction permit. The process of deconstruction often starts 
in the interior of the home or building. During the initial walk-through and 
evaluation, a materials inventory list is completed. This list will identify all trim 
work, fixtures and fittings that are to be salvaged. 
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For this study, our focus is on five residential houses (single family home) 
that were deconstructed and demolished in the Springwells Detroit, Michigan. These 
houses are old, with the most recent built in 1925. Such old houses generally contain 
lead-based paint. Demolition of old housing units containing lead-based paint is 
proceeding at a rapid pace in many urban areas. Recent studies have shown that 
demolition is a potential source of environmental lead exposure (Jacobs et al., 2008) 
and lead poisoning is the number one environmental threat for thousands of 
Michigan children and it adversely affects the communities (MLSP, 2002). Pre- and 
after deconstruction/demolition soil sampling, as well as backfill soil sampling were 
conducted in five sites (houses). 
Following similar sequence, the U.S. EPA recommended PM10 High Volume 
Air Sampler was used to conduct air (ambient) sampling for the determination of 
airborne Pb and other key metal concentrations at every stage of deconstruction 
and demolition. During the demolition of these houses, there were plumes of dust 
released to the atmosphere and the air sampler was able to capture those plumes. 
After the demolition activities, the air quality was again monitored during the clean-
up of building materials.  
1.2 Lead-laden dust released from Deconstruction and Demolition  
According to US National Survey, housing stock shows that there are 
approximately 7.4 billion square feet of interior surfaces and 29.2 billion square feet 
of exterior surfaces coated with lead-based paint with Pb concentration of  ≥ 1 
mg/cm2 (Vojta et al. 2002). If a painted surface area of one square foot at 1mg/cm2 
of Pb is disturbed and turned into dust, and if that dust is evenly distributed over an 
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average 10 foot x 10 foot room floor, the resulting Pb loading will be 9300μg/ft2, 
well above the existing EPA limit of 40μg/ft2 (EPA, 2001). Urban renewal efforts are 
a priority for many American inner cities with increased efforts to reconstitute 
urban centers and thus the need for demolition of deteriorated structures has 
accelerated. Demolition of old housing is an integral part of revitalization efforts in 
many urban cities but has been shown to increase ambient Pb dust in surrounding 
areas to the levels exceeding U.S Environmental Protection Agency standards for 
residential ﬂoor Pb loadings (Farfel et al., 2003). 
1.3 Toxic metals 
Toxic metals (including "heavy metals"), can negatively affect human health. 
Small amounts of these metals tend to support life. However, when present in large 
amounts, they become toxic. They may build up in biological systems and pose 
significant health risk. The list of elements of concern for U.S EPA include: arsenic 
(As), beryllium (Be), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), mercury 
(Hg), nickel (Ni), selenium (Se) and silver (Ag). 
1.4 Behavior of toxic metals in the environment 
1.4.1 Lead (Pb) 
Lead is a naturally-occurring bluish-gray metal that is rarely found in its 
elemental form, but occurs in the earth’s crust. The concentrations of Pb in 
commonly occurring rock types are given in Table 1.4. Lead is not a particularly 
abundant element, but its ore deposits are readily accessible and widely distributed 
throughout the world. Its properties, such as resistance to corrosion, high density 
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and low melting point, make it widely usable as a metal in pipes, solder, weights, 
and storage batteries. 
Lead is dispersed throughout the environment primarily as a result of 
anthropogenic activities. In air, Pb is mostly attached to aerosol particles and is 
primarily removed by precipitation or gravitational settling. Lead can be dispersed 
by atmospheric transport to all parts of the earth and its environs: the air, the soil 
and the water. Much of Pb exposure came from human activities-induced such as the 
use of fossil fuels including past use of leaded gasoline released from some types of 
industrial facilities, and historical use of lead-based paint in homes (most especially 
houses built before 1940), as well as from Pb products such as: ceramics, pipes and 
plumbing materials, solders, gasoline, batteries, ammunition and cosmetics. Mining, 
smelting, and refining activities have resulted in substantial increases in Pb levels in 
the environment especially near mining and smelting sites (EPA, 2006).  
Lead released to the air from industrial sources or vehicles may travel long 
distances through long range atmospheric transport before settling to the ground, 
where it is usually sorbed on to soil particles. It may also be carried to subsurface 
from soil into ground water depending on the type of Pb compounds and the 
characteristics of the soil. Lead from paint, including lead-contaminated dust, is one 
of the most common sources of Pb poisoning. Deteriorating lead-based paint from 
peeling, chipping, chalking, cracking, damaged, or damp is a hazard and needs 
immediate attention. Small children and unborn babies are at most risk because 
they have less developed immune system. Lead is also retained in their bodies as 
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much as 50% of the Pb they swallow. In addition, children are normally exposed to 
more Pb than adults because they swallow more dust from their hands and toys.   
1.4.2 Lead in air 
Lead is found in very small particles present in air known as aerosols, 
typically in the size range of 0.1 to 10µm. These aerosol particles are derived from 
resuspended dust from soils, volcanic eruptions, sea-salt spray, forest fires, smoke 
released from factories, etc. The natural concentration of Pb in air is less than 
0.1µg/m3 (EPA, 2006). U.S. EPA (2013) has established standards designed to limit 
the amount of Pb in ambient air. Over a three-month period, the average 
concentration of Pb (as measured in total suspended particles) cannot be greater 
than 0.15 micrograms of lead per cubic meter of air (0.15µg/m3). Smelting, mining 
operations and waste incinerators are some of the major sources of Pb in air.  
Because many old houses were painted with lead-based paint, Pb from 
unsafe house renovations can be an important source of indoor Pb. Airborne 
particles of Pb that have settled on the ground can again get re-suspended 
themselves back into the air when disturbed. Subsequently, these lead-laden aerosol 
particles will settle out of the air and is deposited onto the surface soil and at the 
air-water interface in surface water. Soil re-suspension soil has the capability of 
entraining the significant volumes of Pb into the air of urban areas (Laidlaw et al. 
2008).  
Lead is one of six principal (or “criteria”) pollutants for which U.S. EPA has 
established National Ambient Air Quality Standards, NAAQS (EPA, 2013). The U.S 
Environmental Protection Agency has a national database that shows which types of 
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sources contribute to the total Pb emitted into the air each year on a national, state, 
and local level. As a result of regulatory efforts to remove Pb from motor vehicle 
gasoline, Pb level in the air decreased considerably. See Figure 1.2 (1980 – 2012: 
91% decrease), Figure 1.3 (1990 – 2012: 87% decrease) and Figure 1.4 (2000 – 
2012: 52% decrease) by U.S EPA, 2013. Under the Clean Air Act, EPA sets and 
reviews national air quality standards for Pb. Air quality monitoring stations 
measure concentrations of Pb throughout the country. EPA, State, Tribal and Local 
agencies use these data to ensure that Pb is at levels that protect public health and 
the environment. EPA has tracked air quality trends for Pb using data from this 
network of monitors.  
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Figure 1.2: Lead air quality 1980-2012 (EPA, 2013). 
 
Figure 1.3: Lead air quality 1990 – 2012 (EPA, 2013) 
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Figure 1.4: Lead air quality 2000 – 2012 (EPA, 2013) 
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Table 1.1: NAAQS of six principal (or “Criteria”) pollutants ( U.S EPA, 2013). 
 
Primary/
Secondary
8-hour 9 ppm
1-hour 35 ppm
primary and
secondary
98th percentile, averaged 
over 3 years
primary and
secondary
primary and
secondary
Particle 
Pollution
primary Annual 12 μg/m
3 annual mean, averaged over 3 
years
14-Dec-12 secondary Annual 15 μg/m
3 annual mean, averaged over 3 
years
primary and
secondary
primary and
secondary
secondary 3-hour 0.5 ppm
Not to be exceeded more 
than once per year
99th percentile of 1-hour daily 
maximum concentrations, 
as of October 2011
Sulfur Dioxide
[75 FR 35520, Jun 22, 
[38 FR 25678, Sept 
14, 1973]
primary 1-hour 75 ppb (4)
PM2.5
24-hour 35 μg/m
3 98th percentile, averaged 
over 3 years
PM10 24-hour 150 μg/m
3 Not to be exceeded more 
than once per year on average 
100 ppb
Annual 53 ppb Annual Mean
Ozone
[73 FR 16436, Mar 27, 
2008]
8-hour 0.075 ppm
Annual fourth-highest daily 
maximum 8-hr concentration, 
averaged over 3 years
Nitrogen Dioxide
[75 FR 6474, Feb 9, 
[61 FR 52852, Oct 8, 
primary 1-hour
[76 FR 54294, Aug 31, 
primary
Not to be exceeded more 
than once per year
Lead
[73 FR 66964, Nov 
Rolling 3 
month 
0.15 μg/m
3 Not to be exceeded
Pollutant
[final rule cite]
Averaging 
Time
Level Form
Carbon Monoxide
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1.4.3 Lead in paint 
Lead-based paint contains high concentrations of Pb. Lead (II) chromate 
(PbCrO4, “chrome yellow), lead (II) carbonate (PbCO3, “white lead”) along with 
arsenic/cadmium pigments are the most common forms. Lead was added to the 
paint to speed up drying, increase durability, maintain a fresh appearance, and 
resist moisture that causes corrosion. Historically, leaded paint had been used in 
more than 38 million U.S. homes. U.S Environmental Protection Agency has found 
building age to be the strongest statistical predictor of soil Pb concentration, with 
soil surrounding private homes built before 1940 having significantly higher levels 
of Pb. Lead may be found on any surface but is most commonly found on exterior-
painted surfaces, interior woodwork and doors.  
In 1978, the U.S. Consumer Product Safety Commission banned the use of 
lead-based paint in housing. Paint manufacturers began replacing white Pb 
pigments with titanium white (titanium dioxide). The titanium dioxide used in most 
paints today is often coated with silica/alumina/zirconium for various reasons, such 
as better exterior durability, or better hiding performance (opacity) promoted by 
more optimal spacing within the paint film. The U.S. EPA (2001) standards for Pb 
derived from paint, interior settled dust/bare soil and ambient air is 40μg/ft2. 
However, prior to the ban of lead-based paint in 1978, the initial Pb released during 
renovation, repair, or painting of these old homes could have created a serious 
health hazard, especially to young children and pregnant women.  
In 1991, the Secretary of the U.S. Department of Housing and Urban 
Development (HUD) characterized Pb poisoning as the “number one environmental 
 13 
 
 
threat to the health of children in the United States.” As a result of the Lead Hazard 
Control program started in 1993, there has been a reduction of over 70% in 
childhood Pb poisoning cases. The Center for Disease Control and Prevention 
estimates that 310,000 children have blood-lead levels above safe limits of 10μg/dL, 
now reduced to 5μg/dL (CDC, 2012) mostly due to exposure to lead-based paint 
hazards. This number continues to drop as a result of active government abatement 
programs.  
1.4.4 Lead in soil 
Although low level of Pb naturally occurs in soil, Pb from sources such as: 
paint, industrial sites, fuel exhaust etc. usually result in elevated Pb to its dangerous 
levels. According to Natural Resources Defense Council (NRDC), the concentration of 
Pb in soil adjacent to homes with lead-based paint can be as high as 10,000ppm, and 
soil next to smelters can have lead levels of 60,000ppm. The soil near roads, 
highways, and garages may also contain high Pb levels due to years of gasoline 
exhaust emissions. 
In 1996, the U.S. EPA estimated that 23%, or 18 million, of the privately 
owned homes in the United States built before 1980 have soil lead levels in excess of 
400ppm. An estimated 8% of private homes built before 1980 have soil Pb levels 
above 2000ppm and 3% of pre-1980 private homes were estimated to have soil lead 
concentrations above 5000ppm. The EPA could not estimate soil Pb levels in public 
housing because soil samples were not taken. The strongest predictor of soil Pb was 
building age. 
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The U.S. EPA has established health-based interim standards for soil Pb 
concentrations and action recommendations for each standard. In areas that 
children are likely to use more often, soil Pb concentrations between 400 and 
500ppm necessitate controls that establish physical barriers with the degree of 
control being commensurate with the severity of the Pb hazard. In areas that 
children are less likely to use, controls should be implemented when concentrations 
are between 2000 and 5000ppm. Soil abatement (such as soil removal or 
permanent covering) is recommended when concentrations exceed 5000ppm. 
The fate of Pb in soil is affected by the adsorption at mineral interfaces, 
which are dependent upon physical and chemical characteristics of the soil (e.g. pH, 
soil type, particle size, organic matter content). When Pb is deposited from various 
anthropogenic sources, it does not biodegrade or decay and is not rapidly absorbed 
by plants, so it remains in the soil at elevated levels. Lead is estimated to have a 
residence time of 1,000 years particularly in upper soils at a pH of greater than or 
equal to 5 and with at least 5% organic matter (which immobilizes the lead). 
Atmospheric lead is retained in the upper 2 to 5cm of undisturbed soil. A disturbed 
soil, which characterizes the urban soils, may be contaminated to a much greater 
depth. Lead-laden particles usually react with clays, phosphates, sulfates, 
carbonates, hydroxides, and organic matter. At pH values >6, lead is either adsorbed 
onto clay surfaces or forms lead carbonate (Mclean and Bledsoe, 1992). Kotuby-
Amacher and Gambrell (1988) have demonstrated decrease in the sorption of Pb in 
the presence of complexing ligands and competing cations. Lead has a strong affinity 
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for organic ligands and the formation of such complexes may greatly increase the 
mobility of Pb in soil. 
Arsenic is present in two forms: in organic compound which mainly used as 
pesticides, primarily on cotton plants, and inorganic arsenic that are primarily used 
for wood preservation. The primary route of exposure to high levels of arsenic is 
typically through occupational hazards, or near hazardous waste sites or areas with 
high natural levels. Humans can also be exposed by breathing sawdust or burning 
smoke from arsenic-treated wood. In soil environment arsenic exists as either 
arsenate, As(V) (AsO43-), or as arsenite As(III) (AsO2-). Arsenite is the more toxic 
form of arsenic. In a study of arsenate adsorption by kaolinite and montmorillonite, 
Griffin and Shimp (1978), found maximum adsorption of As(V) to occur at pH 5. 
Adsorption of arsenate by aluminum and iron oxides has shown an adsorption 
maximum at pH 3-4 followed by a gradual decrease in adsorption with increasing 
pH (Hingston et al., 1971; Anderson et al., 1976). The mechanism of adsorption has 
been ascribed to inner sphere complexation (specific adsorption). Pierce and Moore 
(1980) found the maximum adsorption of As(III) by iron oxide occurred at pH 7. 
Cadmium is a naturally occurring metal, which can be found in food, water 
and cigarette smoke. It is a known human carcinogen that appears to act in two 
ways: it harms DNA directly and disturbs a DNA repair system that helps to prevent 
cancer. The main sources of cadmium in the air are the burning of fossil fuels such 
as coal or oil and the incineration of municipal waste. The acute (short-term) effect 
of cadmium in humans through inhalation exposure is mainly its effect on the lung, 
such as pulmonary irritation. Chronic (long-term) inhalation or oral exposure to 
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cadmium leads to a build-up of cadmium in the kidneys that can cause kidney 
disease. Cadmium has been shown to be a developmental toxicant in animals, 
resulting in fetal malformations and other effects, but no conclusive evidence exists 
in humans. Association between cadmium exposure and an increased risk of lung 
cancer has been reported from human studies (ATSDR, 1993). 
Chromium occurs in the environment primarily in two valence states, 
trivalent chromium (Cr III) and hexavalent chromium (Cr VI).  Exposure may occur 
from natural or industrial sources of chromium. Chromium III is much less toxic 
than chromium (VI). Chromium is a naturally occurring metallic element that can be 
found in water and in soil or rocks. It is also present in the food we eat, either in the 
food itself or in residual soils that might remain on the produce. In addition, trace 
amounts of chromium exist in the environment as a result of industrial processes. 
Potential health effects from chromium exposure are dependent on many factors; 
these include: chemical form, the amount and length of time the individual was 
exposed to chromium and whether the chromium was ingested, inhaled or absorbed 
through the skin. Reactions and their potential effects are highly dependent on such 
characteristic traits as age, sex, weight, and health of the individual. Because of the 
anionic nature of Cr(VI), its association with soil surfaces is limited to positively 
charged exchange sites, the number of which decreases with increasing soil pH. Iron 
and aluminum oxide surfaces will adsorb CrO42- at acidic and neutral pH (Davis and 
Leckie, 1980; Zachara et al., 1987; Ainsworth et al., 1989). Soil organic matter is 
probably the principal reducing agent in surface soils. In subsurface soils, where 
organic matter occurs in low concentration, Fe(II) containing minerals reduce 
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Cr(VI) (Eary and Rai, 1991). Eary and Rai (1991), however, observed that this 
reaction only occurred in the subsurface soil with a pH<5. The reduction of Cr(VI) 
occurred in all four subsurface soils tested by decreasing the pH to 2.5. 
Copper can be released into the environment by natural sources (wind-
blown dust, decaying vegetation, forest fires and sea spray etc) as well as human 
activities. Most dissolved copper compounds will settle and be bound to either 
sediment or soil particles. Soluble copper compounds form the largest threat to 
human health. Usually water-soluble copper compounds occur in the environment 
after release through application in agriculture. Copper can accumulate in plants 
and animals when it is found in soils. Copper can be found in many kinds of food, in 
drinking water and in air. Long-term exposure to copper can cause irritation of the 
nose, mouth, eyes and headaches, dizziness, vomiting and diarrhea. High uptakes 
and ingestions of copper may cause liver and kidney damage and even death. 
Nickel occurs naturally in the environment at low levels.  Nickel is an 
essential element in some animal species, and it has been suggested that it is an 
essential element for human nutrition. Nickel is dispersed in particulate dust in the 
atmosphere as a result of both human and natural activity including volcanoes, 
forest fires and meteorites that have burned up in the upper atmosphere.  Nickel 
dermatitis, consisting of itching of the fingers, hands, and forearms, is the most 
common effect in humans from chronic (long-term) skin contact with nickel (EPA, 
2000). U.S EPA has classified nickel refinery dust and nickel subsulfide as Group A 
human carcinogens, and nickel carbonyl as a Group B2, probable human carcinogen.  
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Zinc is readily adsorbed by clay minerals, carbonates, or hydrous oxides. Hickey and 
Kittrick (1984), Kuo et al. (1983), and Tessier et al. (1980) found that the greatest 
percent of the total Zn in polluted soils and sediments was associated with Fe and 
Mn oxides. Precipitation is not a major mechanism of retention of dissolved Zn in 
soils because of the relatively high solubility of Zn compounds. Precipitation may 
become a more important mechanism of Zn retention in soil-waste systems. 
Zinc forms complexes with inorganic and organic ligands that will affect its 
adsorption reactions with the soil surface. Selenium is a naturally occurring 
substance that is widely distributed in the earth's crust most commonly found in 
sedimentary rock. 
Selenium is usually combined with other compounds in the environment, 
such as sulfide minerals or with copper, lead, nickel and silver. High concentration 
of selenium is toxic but is also a nutritionally essential element. Hydrogen selenide 
is the most acutely toxic selenium compound.  Acute (short-term) exposure to 
elemental selenium, hydrogen selenide, and selenium dioxide by inhalation results 
primarily in respiratory effects. U.S EPA has classified elemental selenium as a 
Group D, not classifiable as to human carcinogenicity, and selenium sulfide as a 
Group B2, probable human carcinogen. Humans are usually exposed to very low 
levels of selenium in air, with an average selenium concentration estimated to be 
below 10ng/m3 (EPA, 2000).  
Antimony is found at very low levels throughout the environment. Everyone 
is exposed to low levels of antimony in the environment. Acute (short-term) 
exposure to antimony by inhalation in humans results in effects on the skin and 
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eyes. The concentration of antimony in ambient air ranges from < 1(ng/m3) 
(0.000001 milligram per cubic meter [mg/m3]) to about 170 ng/m3 (0.000170 
mg/m3) (EPA, 200). However, near factories that convert antimony ores into metal, 
or make antimony oxide, concentrations may be greater than 1,000 ng/m3 (0.001 
mg/m3) (EPA 200). Respiratory effects, such as inflammation of the lungs, chronic 
bronchitis, and chronic emphysema, are the primary effects noted from chronic 
(long-term) exposure to antimony in humans via inhalation. Soil usually contains 
very low concentrations of antimony (less than 1 part per million [ppm]). However, 
higher concentrations have been detected at hazardous waste sites and at 
antimony-processing sites.  
 
Table 1.2: Element concentrations (ppm) in the upper and lower continental crust. 
Element Symbol UC LC LC/UC 
Aluminum Al 77440 82120 0.94 
Antimony Sb 0.31 0.3 1 
Arsenic As 2 1.3 1.5 
Barium Ba 668 568 1.2 
Beryllium Be 3.1 1.7 1.8 
Cadmium Cd 0.102 0.101 1 
Chromium Cr 35 228 0.15 
Copper Cu 14.3 37.4 0.38 
Iron Fe 30890 57060 0.54 
Lead Pb 17 12.5 1.4 
Manganese Mn 527 929 0.57 
Nickel Ni 18.6 99 0.19 
Selenium Se 0.083 0.17 0.47 
Silver Ag 0.055 0.08 0.69 
Thallium Tl 0.75 0.26 2.9 
Zinc Zn 52 79 0.66 
Source: K. Hans Wedepohl (1995) UC=Upper continental and LC=Lower continental. 
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1.5 Composition of paint 
The resin is the main part of the paint which forms a film on the surface. It is 
typically a non-hazardous component similar to linseed or acrylic. Solvent keeps the 
paint in liquid form until the solvent evaporates after painting. In oil-based paint, 
the solvent is derived from a petroleum distillate and can include hazardous 
ingredients like mineral spirits, toluene and xylene. The solvent in latex paint is 
water. Pigments provide the color and covering power. 
The major pigments used presently are relatively nontoxic. Some highly 
colored pigments may contain heavy metals such as chromium, cadmium and 
arsenic. Old paints contain Pb. Paint may also have additives. Some types of 
additives include stabilizers, dryers, thickeners and preservatives. Some latex paints 
contain a mercury based fungicide preservative. 
1.6 Objectives of the study 
The primary purpose of this research is to assess how the air quality, in 
terms of Pb concentration changes as a result of metal pollutants released to the 
environment at every stage of systematic house deconstruction and traditional 
demolition. More recent studies suggest that maternal Pb exposure during 
pregnancy is inversely related to fetal growth, as reflected by duration of pregnancy 
and infant size. The main target for Pb toxicity is the nervous system, both in adults 
and children. High levels of exposure can result in delirium, seizures, stupor, coma, 
or even death (ACOC, 2012).  
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1.7 Hypotheses 
Because old houses built before 1940 in the United States contain lead based-
paint, it is anticipated that airborne particulate matter containing Pb will be 
generated during deconstruction and demolition. Therefore, the following 
hypotheses will be evaluated: 
1. It is hypothesized that deconstruction and demolition of houses built prior to 
1940 will result in increased concentrations of Pb in aerosols collected near 
the house; 
2. I hypothesize that the release of airborne Pb to the environment during 
house demolition will be greater than that of the house deconstruction; 
3. I hypothesize that, there is a positive (correlation) relationship between PM10 
aerosol mass concentration and the airborne Pb concentration during house 
deconstruction and demolition; and 
4. I hypothesize that, there is higher concentration of Pb in fine grain size soil 
particles than the coarse grain size particles in the soil. 
1.8 Review of Previous work 
Zahran et al (2013) studied the source and effect of re-suspended soil Pb, Pb 
in air, and Children’s Blood Lead Levels in Detroit, Michigan. Air Pb concentration 
results in signiﬁcantly increase in blood Pb in all children regardless of age, but the 
increase in child blood Pb for an equivalent unit of air Pb declines noticeably with 
age. For instance, while it takes approximately 0.0069μg/m3 of atmospheric Pb to 
increase child blood Pb by 10% in children 1 year of age, it requires about 3 times 
the amount (0.023μg/m3) of air Pb to induce a 10% increase in child blood for 
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children 7 years of age (Zahran et al., 2013). For children ages 1−4, residential 
proximity to a Pb emitting facility increases a child BLL by 2.5−5.5%, depending on 
the age of the child. For all other ages, proximity to a Pb facility has an eﬀect 
indistinguishable from the background. Overall, Zahran et al (2013) concluded in 
their research that, eﬀects of airborne exposure are most pronounced in younger 
children (ages 0−2) that are relatively insulated from other sources of Pb (e.g., paint 
chips, soil Pb). 
Jacobs et al (2006) studied the Pb particulate deposition from demolition of a 
single house in Baltimore and Chicago. The geometric mean concentration of Pb 
dust-fall during demolition in Chicago was found to be 29.6μg Pb/m2/hr (range: <1-
32,010μg Pb/m2/hr), while in Baltimore it was only 9.2μg Pb/m2/hr (range: <4.7-
258μg Pb/m2/hr). The difference in the maximum Pb dust-fall in Baltimore and 
Chicago are obvious. In Baltimore, the maximum concentration of Pb dust-fall was 
found to be 257μg/m2/hr, but in Chicago, the maximum was 32,000μg/m2/hr. Total 
amount dust-fall was also far higher in Chicago than in Baltimore. Large amounts of 
lead-contaminated dust are generated from housing demolition, but can be 
controlled using simple dust suppression techniques to protect the public health. In 
Baltimore, the sample results for airborne Pb (not lead dust-fall) were all below 
detection limits both before and during demolition, because Pb containing dust is 
dense and consists of mostly larger particles. Lead dust can be expected to settle 
from air relatively quickly. Concentrations of Pb in exterior dust wipe samples 
varied to a high degree.  
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The previous studies of demolition in Baltimore and Chicago conducted in 
1999 were from large multifamily housing sites or multiple row homes. This study 
used less dust suppression technique than the 2006 Baltimore study and also had a 
smaller number of demolished houses. The results showed that dust-fall Pb 
emissions from multifamily housing demolition can be much higher than the single 
family housing demolition, probably because more surfaces were disturbed. At the 
same time, single family housing demolition is more likely to be conducted in 
neighborhoods where most residents are still present and where exposures to 
community members may be greater (Farfel et al. 2003; Dorevitch et al. 2006). 
Demolition of older housing units in the U.S has been shown to explain 
approximately 30% of the reduction in children’s blood Pb levels over a 20 year 
time period (Jacobs and Nevin 2006), because over the long run, Pb contaminated 
housing is removed from service. But demolition could also contribute to short term 
exposures due to exposure to Pb contaminated dust. Furthermore, dust emissions 
from housing demolition may also contribute to diseases other than Pb poisoning, 
such as asthma. A previous study of demolition of large public housing structures 
found that enough particulate matter was released to potentially trigger asthmatic 
symptoms (Dorevitch et al. 2006). 
A period of 45 days was chosen as a Pb clearance period for any one 
demolition. The half-life of lead in blood is 28–36 days (Grifﬁn et al., 1975; 
Rabinowitz et al., 1976). Farfel et al (2002) conducted a study examining the 
relationship between demolition activity and blood Pb levels of children residing in 
neighborhoods where demolition activity occurred. Children were categorized as 
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‘exposed to a demolition’ if their blood Pb test was within 45 days after a demolition 
was completed on the census block where the child lived. A child could be exposed 
to multiple demolitions within the 45-day time frame. 
Farfel et al. (2003) found increased Pb dust-fall rates within a 10m radius of 
residential demolition sites during and immediately after demolition and debris 
removal. Further study of settled Pb fall out dust at 100m from the demolition sites 
is considered to be of public health concern (Farfel et al., 2005). They also suggested 
that multiple demolitions within a census block may signiﬁcantly increase children’s 
blood lead levels. The ﬁndings may be useful to municipal planners in older cities 
where demolitions are being used as an urban renewal tool.  
A study conducted by Diorio (1999) found dust Pb loadings increased in 
houses neighboring demolition sites. The result was more pronounced for 
demolitions done on houses without proper containment practices. Analysis of the 
composition of PM10 indicates that a portion is composed of soil that has been 
resuspended (Laidlaw et al. 2008). Young et al. (2002) found that 74% of PM10 from 
July through September 1988 was composed of fine soil materials. In Berlin, 
Germany, Lenschow et al. (2001) observed that at curbsides on main streets, the 
PM10 concentration is up to 40% higher than the urban background with half of this 
additional pollution attributed to motor vehicle exhaust emission and tire abrasion 
and the other half to resuspended soil particles.  
Soil resuspension has also been found to display a seasonal pattern (Lee et 
al., 1994; Wells et al., 2007). In two locations in Central Chile, Hedberg et al. (2005) 
observed that PM10 was dominated by soil from soil resuspension during the 
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summer months. Arimoto et al. (2002) observed that soil resuspension in 1998 and 
1999 was pronounced between May and July in Carlsbad, New Mexico. 
Harris and Davidson (2005) calculated that resuspension of soil is 
responsible for generating 54,000kg of airborne Pb each year in the South Coast Air 
Basin of California (SOCAB) and will remain a major source well into the future. 
Also, Lankey et al. (1998) concluded that 43% of Pb emissions in the South Coast Air 
Basin in California resulted from the resuspension of soil and road dust. A lead 
isotopic study conducted in 1998 in Yerevan Armenia suggested that 75% of the 
atmospheric lead was derived from re-suspended soil (Kurkjian and Flegal, 2003). 
Simons et al. (2007) observed significant differences in particulate loading between 
urban and suburban areas in Baltimore, Maryland, with urban PM10 mass loadings 
of 47μg/m3 versus 8.7μg/m3 in suburban areas, and urban PM2.5 mass loadings of 
34μg/m3 versus 18μg/m3 in suburban areas. Since PM10 often consists of large 
portions of soil particles, this data suggests that urban atmospheric soil loading 
rates are significantly greater than suburban soil loading rates, irrespective of 
seasonal differences. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 Introduction 
Soil and air sampling and subsequent analysis were performed on five 
residential houses, in Springwells, Detroit Michigan, following the standard 
protocols described in the U.S EPA method 3050B (Acid digestion of sediments, 
sludges, and soils), and 6020A (Inductively Coupled Plasma-Mass Spectrometry). 
Soil samples were collected using coring and scooping method, as this option aids in 
the collection of the top 0.5 inches of the surface soil. It is generously assumed that 
fine particles (<10μm) from the top 0.5 inches represent the portions that most 
likely undergo resuspension and can be transported by wind and humans to cause 
hazard to occupants (EPA 747-R-95-001). In addition, air sampling was also 
conducted using PM10 High Volume Aerosol Sampler which collects fine suspended 
dust particles of less than or equal to 10µm size fraction. 
2.2 Study sites 
The study sites are located in the Southwest region of Detroit that comprises 
of several neighborhoods including Delray, Mexican town, Hubbard Farms Detroit 
and Boynton-Oakwood Heights. Springwells is well known as a Mexican town where 
there is a vibrant Mexican community. The Springwells is typically defined as the 
area starting at Dix Highway to the north, Waterman street to east, Fort Street to the 
south, and Woodmere street to the west. The houses in Springwells, Detroit are 
considerably old; the most recently built house among the  five study sites was in 
1925, while the oldest was built in 1919 which likely contain lead-based paint.  
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Figure 2.1 shows the street map and Table 2.1 give a brief information about the 5 
study houses. 
 
Figure 2.1: Street map of the study sites. 
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2.2.1 Inglis house 
This is a single-family home approximately 1,220 square feet and was built in 
1921. The property had a lot size of 3,006 square feet. It had 1 bath, forced air unit 
heating system, shingle exterior walls, one bathroom, detached garage and one car 
parking space. 
2.2.2 Sharon house 
This is also a single residential family home, approximately 1,212 square feet 
and was built in 1922. The property had a lot size of 2,744 square feet, forced air 
unit heating, 2 stories with basement, single exterior walls and 1 bathroom. 
2.2.3 Falcon house 
This single family home had approximately 1,547 square feet area. The 
property had a lot size of 3,006 square feet and was built in 1923. It had 1 bath, 
forced air unit heating system, shingle (not Wood) exterior walls, a detached one-
car garage parking and two stories with basement. 
2.2.4 Senator house 
Senator is a single family home, approximately 1,242 square feet and was 
built in 1919. The property had a lot size of 3,006 square feet, forced air unit 
heating, shingle exterior walls, 2 stories with basement and one car space parking. 
2.2.5 Pearl house 
This is a single-family home, approximately 1,564 square feet and was built 
in 1925. The property had a lot size of 3,006 square feet, 2 full baths, hot water 
heating, wood sliding exterior walls, bungalow, and detached parking garage. 
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Table 2.1: Five study sites and their year built. 
Site Type* House size (sqft) Lot size (sqft) Year 
1. 2630 Inglis SFR 1220 3006 1921 
2. 2377 Sharon SFR 1212 2744 1922 
3. 9178 Falcon SFR 1547 3006 1923 
4. 8080 Senator SFR 1242 3006 1919 
5. 2387 Pearl SFR 1381 3006 1925 
*= SFR ( Single Family Residence) 
 
2.3 Field soil sampling 
2.3.1 Scooping soil sampling using hand bulb planter 
Hand scooping soil sampling collection method was adopted in all the five 
sites. The resealable plastic bags were labelled and used as sample collection 
containers. Soil samples were collected at approximately 0.5 inch depth in the front 
yard of the house from 4 locations and these samples were composited in a 
resealable plastic bag, which represents a representative soil sample for the 
frontyard of the house. These procedures were repeated for the back yard, right and 
left side of the house as shown in Figure 2.2. 
2.3.2 Core sampling using hand auger 
The core soil sampling was performed on two sites (Inglis and Falcon house) 
where collection of better soil samples were possible for: i) determination of the 
vertical variations of Pb concentrations. Analysis of Pb concentrations in vertical 
 30 
 
 
profiles will yield information on how Pb would have migrated or leached 
downward; ii) assessment of variations in Pb concentration in different soil grain 
size fractions. The soil coring was performed using a hand auger pushed and rotated 
into the ground to a desired depth (about 9cm). The plastic cylindrical liner inside 
the auger collects the core sample. Once the soil auger reached the desired depth of 
9cm, then it was gently removed and the collected sample was cut into segments, 0-
3cm, 3-6cm and 6-9cm and later put in labelled resealable plastic bags. 
 
 
 
 
 
 
 
 
 
Figure: 2.2 Schematic diagram of the soil sample locations. 
 
Sample location 
HOUSE 
Right side 
Front yard 
Left side 
Back yard 
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2.4 PM10 high volume air sampler 
2.4.1 Principle of operation 
Suspended dust particles in air (aerosols) were sampled through the 
circumferential inlet of the PM10 size selective inlet. The symmetrical design ensures 
wind-direction insensitivity, and the inlet design and internal configuration makes 
the collection efficiency independent of wind speed from 0 to 36km/hour. The 
particles are accelerated through multiple circular impactor nozzles. The particle 
size of >10 micron get retained onto the greased impaction surface (Shim plate). The 
fine particulate matter in the air, with sizes less than 10 micrometer (PM10) are 
carried vertically upward by the air flow and down inside the multiple vent tubes to 
the 8-inch x 10-inch micro quartz fiber filter, where they were collected. The large 
particles settle out in the impaction chamber on the collection shim plate and were 
removed / cleaned by silicon spray during prescribed maintenance periods. 
The micro quartz fiber filter was weighed before and after sampling. The 
mass concentration of PM10 dust particles (micrograms per cubic meter) is 
determined by dividing the difference in the mass (milligram) of the micro quartz 
filter before and after sampling by the air volume (cubic meters). The air volume 
was properly monitored by maintaining a constant flow rate of 40 ACFM (Actual 
Cubic Feet Per minute) with Electronic Mass Flow Controller. The inlet collection 
efficiency of PM10 had a cut point of 99.95%, as was measured by the American 
Society for Testing and Materials (ASTM 2986-95A) – Air Aggressive Environments 
/ Aerosol Testing – Environmental Quality Control) with 0.3µm particles at the 
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sampler’s operating face velocity  over a wind speed of 0 to 36 KPH with flow rate of 
1.18 m3/min. 
2.4.2 Basic Components of PM10 high volume air sampler 
2.4.2.1 The hood 
This unit is systematically designed to insure wind direction insensitivity and 
to protect rain or any other water droplet from getting to the filter holder. The hood 
(Figure 2.3) houses the shim plate, screens and filter cartridge. 
 
 
Figure 2.3: Air sampler showing opened hood and vent tubes 
2.4.2.2 Shim plate  
The shim plate is shown in Figure 2.4. 
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Figure 2.4: Retained PM (> 10µm) on the Shim plate. 
2.4.2.3 Volumetric flow controller 
This controls a constant flow through the 8inches by 10 inches filter media. 
2.4.2.4 Blower motor 
Aerosol Sampler motor blower (Figure 2.5) draws or sucks air into the 
sampler inlet and through the particle collection filter at a uniform face velocity. 
 
Figure 2.5: Blower motor. 
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2.4.2.5 Elapsed time indicator 
Elapsed time indicator (Figure 2.6) is a non-resettable time, which registers 
how long the PM10 system ran in hours and tenths of an hour (00000.00).  
 
Figure 2.6: Indicator timer 
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2.4.2.6 Mechanical timer 
The mechanical timer (Figure 2.7) is similar to elapsed time indicator except 
that, the time feature is re-settable. 
 
Figure 2.7: Mechanical timer 
2.5 Aerosol sampling 
The aerosol sample collections in the study sites were conducted in three 
phases: Before referred as “pre” (Figure 2.8), during and after deconstruction 
(Figure 2.10 & 2.11) and demolition activities (Figure 2.12, 2.13 & 2.14). The pre-air 
sampling involves the monitoring of the ambient air quality before the actual 
deconstruction and demolition activities, and was done for all of the five sites. The 
aerosol sampler (Figure 2.9) was allowed to warm up for stable operation, the filter 
was weighed in the laboratory before use (Figure 2.15) and the filter pressure 
differential Pf was also measured. The high volume sampler filtered air at the rate of 
1.182m3/min. The sampler was generally allowed to run for 6 hours. During the air 
sampling process, manometer readings were constantly monitored, by connecting 
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to the stagnated tap on the filter holder and the reading was taken with water-
mercury rubber ruler. 
The wireless weather base station was used to monitoring the windblown 
direction/speed, humidity and temperature. There was no abrupt change in weather 
condition; the weather was fairly constant throughout the aerosol sample collection 
periods. The same method of pre-air sampling was repeated during each stage of 
deconstruction, demolition, clean-up of building materials (debris) and removal of 
the foundation. After air sampling activity, the filter was gently removed (Figure 
2.16) from the filter media holder (filter paper cartridge) and placed inside a 
cleaned envelop. The anodized aluminum Shim plate which was on top of the first 
stage plate of the size selective inlet was removed cleaned and sprayed with a 
coating of dow corning silicon and allowed to dry before re-use, in order to avoid 
any cross contamination.   
 
Figure 2.8: Pre-air sampling at Falcon house Springwells Detroit, MI 
11/09/2013 10:09 AM 
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Figure 2.9: PM10 High Volume Air Sampler and Weather Base Station 
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Figure 2.10: Deconstruction activities in Sharon house Springwells Detroit, MI. 
10/29/2013 10:19 PM 
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Figure 2.11: Total deconstruction in Sharon house Springwells Detroit, MI. 
 
 
Figure 2.12: Demolition activities in Pearl house Springwells Detroit MI. 
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Figure 2.13: Plume of dust released during demolition in Senator house Springwells 
Detroit, MI. 
 
11/04/2013 10:27AM 
11/04/2013 10:05 AM 
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Figure 2.14: Clean-up activities in Inglis house Springwells, Detroit, MI  
 
 
Figure 2.15: Blank filter paper 
 
11/22/2013 04:19 PM 
11/10/2013 07:48 AM 
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Figure 2.16: After air sampling (dirt) filter paper in Falcon house Springwells 
Detroit, MI 
 
2.6 Laboratory analysis 
2.6.1 Soil sample digestion 
Soil samples collected were spread out on a tray and mixed evenly 
(homogenized) inside our laboratory under clean conditions. About 10g of the 
samples were taken in a Teflon beaker and placed inside an oven at 1000C for 24 
hours. The dried samples were dispersed uniformly with hand and then sieved 
through 250µm sieve mesh. Five hundred milligram of <250µm soil samples were 
weighed and put in each Savillex PFE digestion vessels, and 8 samples were taken in 
a batch along with one reagent blank for each set. Less than 250µm is often used 
because EPA protocol (EPA TRW, 2000) considered this fraction to be the primary 
carrier of anthropogenic Pb. Several studies indicated that the particle size fraction 
of soil and dust  that sticks to hands is the fine fraction and that a reasonable upper-
11/10/2013 07:15 PM 
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bound for this size fraction is 250µm (Kissel  et al., 1996; Sheppard and Evenden, 
1994; Driver et al.,1989; Duggan and Inskip, 1985; Que Hee, et al., 1985; Duggan, 
1983).  
Five milliliters each of trace-metal grade conc. HF, HNO3 and HCl were added 
to the soil samples in the PFE digestion vessels. The digestion vessels were placed in 
a furnace at 1200C for 24hrs for digestion. After the digestion was completed, the 
samples were transferred into Teflon beakers and dried completely on a hot plate. 
To the residue, 5ml of conc. HNO3 and H2O were added to bring the samples into 
nitric acid medium and dried the solution completely again. Finally, 5mL of 1M 
HNO3 were added to dried residue and then warmed gently. The solutions were 
transferred into pre-cleaned plastic bottles. The Teflon beakers were rinsed with 
10mL each of 1M HNO3 twice and the rinses were transferred to the plastic bottles. 
This 25mL 1M HNO3 solution samples were then filtered through a 0.4µm Nuclepore 
filters through pre-cleaned vacuum filtration set-ups. The stock solutions of 25mL of 
1M HNO3 were taken in pre-labelled 30mL bottles for the ICP-MS metal analysis. In 
addition, three sets of USGS standards (W-2, G-2 and AVG-1) and reagent blanks 
were also prepared following the same protocol as the soil samples. 
2.6.2 Aerosol filter sample digestion 
The whole aerosol filter sample was weighed to determine the mass of dust 
particle loading, cut into two half sections and one of the two sections was weighed 
again. The filter fraction was taken in a PFE digestion vessel and added 5mL of 
trace-metal grade conc. HF, HNO3, HCl and 10mL of water was added. The vessel 
was placed in the furnace at 1200C for 24hrs for digestion. The digested solution 
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was transferred into 100mL Teflon beaker and dried off completely. Five milliliters 
of 8M HNO3 was added to the residue to convert it to the nitric acid medium and 
dried again. Finally, 5mL of 2% HNO3 was again added to the residue, warmed 
gently and transferred into an empty bottle. This was followed by adding another 
10mL of 2% HNO3 twice to a total of 25mL of 2% HNO3 medium in a pre-labelled 
30mL bottle. This solution was filtered through a 0.4µm Nuclepore filter paper 
through a pre-cleaned vacuum filtration set-up. The filtrate was used for ICP-MS 
analysis.   
2.7 ICP-MS analysis 
Careful sample preparation is very important for ICP-MS analysis. Often the 
traces of residual acids such as HF can affect the quality of data due to interferences. 
Furthermore, due to high sensitivity of the instrument, it is often necessary to 
perform multiple dilutions of the sample to reach a concentration that falls within 
the calibration range which is optimal for analysis.  
2.7.1 ICP-MS soil elemental analysis 
The stock solutions of soil samples were further diluted for ICP-MS analysis 
by factor of 200. Briefly, to 50µL of stock (dissolved soil sample) solution, 200µL of 
conc. HNO3 (trace metal grade) and 9.75mL of deionized H20 were added and this 
final solution (total volume of 10mL) was loaded in the ICP–MS instrument for 
elemental analysis.  
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2.7.2 ICP-MS aerosol elemental analysis 
Aerosol mass collected in the micro-quartz filter paper varied depending on 
the amount of dust in the plume and the duration of air sampling. As a result of 
these variations, the aerosol masses were separated into three categories for ICP-MS 
dilution (i) Mass > 100mg had a dilution factor of 200. In this case, 50µL of digested 
solution, 200µL of conc. HNO3 and 9.75mL of deionized H2O was pipetted into an 
ICP-MS analyzer tube and this solution was thoroughly mixed and used for 
measurement; (ii) Mass < 100mg had a dilution factor of 25. In this case, 400µL 
digested sample solution, 200µL of conc. HNO3 and 9.4mL of deionized H2O was 
pipetted in the ICP-MS analyzer tube and this solution was mixed and used for 
measurement; and (iii) Mass <10mg had a dilution factor of 5. In this case, 2mL of 
digested sample solution, 200µL of conc.  HNO3 and 7.8mL of deionized H2O was 
also pipetted inside the ICP-MS analyzer tube and this solution was used for 
elemental measurement.  
The samples were loaded in the sample tray of the Autosampler (ASX-500 
Series Autosampler, Agilent 7700 Series ICP-MS) made up of corrosion resistant 
stainless steel alloys or anodized aluminum. The sample tray had 5 rear positions 
and 4 sample vial racks, where all the samples can be loaded into the Autosampler 
sample tray and sample solution can be chosen from 5 different rack sizes with 21, 
24, 40, 60 or 90 vials per racks. Just behind the sample tray, there is a flowing rinse 
station, which comes with the tubing used to connect the rinse station to the rinse 
source and the waste container.  
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Mass Hunter software workstation (name of ICP-MS software) controls the 
operation of the Autosampler. The Water Chiller supplies the cooling water to cool 
the Peltier Cooler (Spray Chamber Cooler), the Sampling Cone, the Skinner Cone, the 
RF generator and the Work Coil. It took about 4 minutes to analyze one sample 
solution in the Agilent 7700 series ICP-MS, including the time from rinsing of the 
tube and transfer the solution through ICP-MS source to the detector. 
 
Figure 2.17: ICP-MS Autosampler and Sample Tray Rack. 
01/27/2014 09:12 AM 
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Figure 2.18: Agilent 7700 series ICP-MS Systems 
2.8 Quality Assurance and Quality Control (QA/QC) 
To check the quality of the data generated by quantitative Agilent 7700 ICP-
MS along with the soil digestion protocol, three USGS Standards (W-2, G-2 and AVG-
1) were run. A total of 9 reagent blanks during the digestion of the soil samples and 
5 blank aerosol filters during the digestion of the aerosol samples were also run.  
Our measured standards were compared to the certified elemental values of the 
USGS standards. This comparison is shown in Table 3.12.  
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CHAPTER 3 
RESULTS AND DISCUSSION 
3.1 Introduction 
Comprehensive results of the air sampling during deconstruction/demolition 
as well as clean-up activities of five single family residential homes in Springwells, 
Detroit Michigan are given in Table 3.3 and 3.4. Sharon house was chosen for a total 
deconstruction study. In this case, the entire building was deconstructed from the 
top roofing to the foundation level. Pearl house was used for a total demolition 
study and Inglis, Falcon and Senator houses were partially deconstructed and 
thereafter demolished.  
3.2 Air sampling results and discussion 
The concentrations of elements of interest (Be, Al, Cr, Mn, Fe, Ni, Cu, Zn, As, 
Se, Ag, Cd, Sb, Ba. Tl and Pb) in the blank micro quartz filters were generally higher 
than some other filter materials, such as Teflon or Cellulose filters. However, a 
comparison of the total metal concentrations in the blank filter to that in the aerosol 
sample indicated the contribution of the filter blank to the sample is less than 1% in 
any of the metals (Table 3.1 and 3.2). Therefore, if we did not use high-volume 
aerosol filtration method, Teflon filter is highly recommended. If high-volume 
filtration equipment is used, then Cellulose filter is recommended; or thorough 
cleaning of the micro quartz filter paper prior to its use is an option to minimize 
blank levels. Nevertheless, the ICP-MS data for soil and aerosol samples were all 
blanks subtracted and quality control and assurance were properly maintained.  
    
 
 
 Table 3.1: Measured filter blanks value of elements (µg) in aerosol samples. 
Blank Be Al Cr Mn Fe Ni Cu Zn As Se Ag Cd Sb Ba Tl Pb 
1 0.07 3623 14.6 9.04 150 13.5 5.24 28.1 0.12 BDL 0.09 0.11 0.72 40.3 0.01 3.09 
2 0.13 3059 14.9 8.07 148 12.5 4.37 26.4 0.15 BDL 0.94 0.11 0.62 34.2 BDL 2.79 
3 BDL 1341 5.56 3.40 53.4 4.85 3.15 12.1 0.07 BDL 0.03 0.04 0.25 14.2 BDL 1.15 
4 0.03 2258 14.1 5.03 123 10.2 6.44 24.3 0.15 BDL 1.87 2.19 0.56 37.1 BDL 2.72 
5 0.01 2806 12.0 7.42 125 10.8 4.33 23.2 0.11 BDL 0.08 0.12 0.58 31.8 BDL 2.56 
Mean 0.06 2617 12.2 6.59 120 10.4 4.71 22.8 0.12 BDL 0.60 0.51 0.54 31.5 0.01 2.46 
BDL = below detection limit. 
 
4
9
 
 50 
   
 
 
Table 3.2: Minimum and maximum concentration of elements in aerosol filter 
blanks and samples, and fractional amount of blanks with respect to the samples. 
Element Filter blank Aerosol sample 
(µg) Min (µg) Max (µg) Min (µg) Max (µg) Min (X10
-3
) * Max(X10
-2
) * 
Be BDL 0.13 BDL 2177 <0.01 <0.01 
Al 1341 3059 BDL 253094 5.3 <0.01 
Cr 12.0 5.56 BDL 94577 13 <0.01 
Mn 3.40 8.14 7685 665296 0.5 10 
Fe 53.4 150 391274 250289 0.2 3.8 
Ni 4.85 13.5 BDL 38898 13 <0.01 
Cu 3.15 6.44 4199 513797 0.6 0.2 
Zn 12.1 28.1 13554 424991 0.3 0.2 
As 0.07 0.15 680 76995 0.09 2.2 
Se BDL BDL BDL 10282 <0.1 <0.01 
Ag 0.03 1.87 0.11 6912 0.4 <0.01 
Cd 0.04 2.19 0.11 23363 0.2 <0.01 
Sb 0.25 0.72 588 250626 <0.1 12 
Ba 14.2 40.3 BDL 132098 11 <0.01 
Tl BDL 0.01 28.4 2164 <0.01 1.8 
Pb 1.15 3.09 4367 326900 0.4 7.1 
   * Min or Max = amount of elemental concentration in filter blank/average elemental conc. in 
aerosol sample  
 
 
3.2.1 Changes in aerosol mass and Pb concentration  
Figures 3.1and 3.2 show how the aerosol mass and Pb concentration in the 
study sites varied during deconstruction and demolition activities. Deconstruction 
activities usually followed the same sequence throughout the study sites: day 1- de-
nailing and removing flooring; day 2 & 3-removing wall plaster / lathe; day 4- 
removing floor joist; and day 5 to 10 – removing roofing and some other building 
materials. Increase in aerosol mass and Pb level was noticed in third day of 
deconstruction activity which include: removal of wall plaster/lathe and window 
frames. The aerosol mass concentrations in PM10 increased from 16.2µg/m3 during 
pre-deconstruction to 88.8µg/m3 on the third day of deconstruction in Inglis house. 
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The corresponding values in the Sharon house increased from 18.3 to 139µg/m3 
and the highest concentration of aerosol mass from 145 to 1652µg/m3 were 
recorded  during demolition and clean-up activities which exceeded National 
Ambient Air Quality Standards (NAAQS) value of 150µg/m3 for PM10.  
The airborne Pb concentrations in PM10 also varied widely. In Inglis house, 
the Pb concentration increased from 10.3µg/m3 before the start of deconstruction 
activities to 51.7–95.5µg/m3 on the third to fifth day of deconstruction activity. Also 
in Sharon house, airborne Pb concentration increased from 54µg/m3 to 86µg/m3 
before deconstruction. The highest airborne Pb value was found during clean-up 
and demolition activities, with the value ranged from 202 to 767µg/m3.  
The high airborne Pb level was likely due to peeling of the lead-based paint 
covering the wall plaster and window frames. In some cases, a fair correlation 
between the aerosol mass concentrations and Pb concentrations were found in site 
1 and 2 (Fig. 3.3), while sites 3, 4 and 5, showed no significant correlation. Presence 
or absence of correlation between aerosol mass and Pb concentrations suggested 
that, the sources of aerosol could be a significant factor in the observed relationship. 
Four possible sources of aerosol dust during deconstruction/demolition are: i) 
wooden dust; ii) terrigeneous dust; iii) brick dust and iv) lead-based paint dust. 
Wooden and brick dust will increase the mass of the aerosol collected by the air 
sampler filter, with very low concentrations of Al, Pb, As and other key trace metals. 
Terrigeneous dust will have high concentrations of aluminum and other lithogenic 
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elements along with the pollutants sorbed onto soil grains.  The dust derived from 
leaded-paint surfaces will increase airborne Pb level.  
The wide variation in Pb/As ratio shown in Figures 3.4 and 3.7, possibly 
suggest different sources of Pb and Al during deconstruction and demolition in all of 
the study sites. As indicated by some researchers that PM10 may comprise a portion 
of the re-suspended soil (e.g. Zahran et al. (2013), Laidlaw et al. (2008), Young et al. 
(2002) etc.), this situation can be observed in Figure 3.5. The correlation plot 
between Pb/Al versus As/Al ratio (r =0.86, p < 0.05) suggest that some portion of 
airborne Pb and arsenic concentrations were derived from re-suspended soil.
    
 
 
 
Table 3.3: Air sampling during pre- and after deconstruction/demolition and clean-up of the five study houses in Springwells 
Detroit, Michigan. 
Site Name Daily activity 
Date of 
sampling 
Time 
started 
(am/pm) 
Time 
stopped 
(am/pm) 
Sampling 
duration 
(hr) 
Total 
air vol. 
(m
3
) 
Filter mass 
b4 sampling 
(g) 
Filter mass 
after 
sampling (g) 
Half filter 
mass (g) 
Aerosol 
mass 
(mg) 
Half 
aerosol 
mass 
(mg) 
Aerosol 
conc. 
(µg/m
3
) 
2630 Inglis Pre-sampling 10/18/13 11:03a.m 05:04p.m 6.0 426  4.5372 4.5441 2.2721 6.90 3.45 16.2 
 
1st day decon 10/21/13 08:49a.m 02:51p.m 6.0 426  4.5046 4.5140 2.2570 9.40 4.70 22.1 
 
2nd day decon 10/22/13 08:27a.m 02:28p.m 6.0 426  4.5243 4.5314 2.2657 7.10 3.55 16.7 
 
3rd day decon 10/23/13 08:33a.m 02:34p.m 6.0 426  4.5550 4.5928 2.2964 37.8 18.9 88.8 
 
4th day decon 10/24/13 08:32a.m 02:33p.m 6.0 426  4.5396 4.5499 2.2750 10.3 5.15 24.2 
 
5th day decon 10/25/13 09:21a.m 03:22p.m 6.0 426  4.5354 4.5520 2.2760 16.6 8.30 39.0 
 
Demo/clean up 11/22/13 10:18a.m 04:21p.m 6.0 426  4.5420 4.6037 2.3019 61.7 30.9 145 
2377 Sharon Pre-sampling 10/25/13 09:56a.m 03:57p.m 6.0 426  4.5340 4.5418 2.2709 7.80 3.90 18.3 
 
1st day decon 10/28/13 08:44a.m 02:45p.m 6.0 426  4.5603 4.5745 2.2873 14.2 7.10 33.4 
 
2nd day decon 10/29/13 08:17a.m 02:18p.m 6.0 426  4.5418 4.5503 2.2752 8.50 4.25 20.0 
 
3rd day decon 10/30/13 08:37a.m 02:39p.m 6.0 426  4.5348 4.5938 2.2969 59.0 29.5 139 
 
4th day decon 10/31/13 08:26a.m 02:27p.m 6.0 426  4.5494 4.6024 2.3012 53.0 26.5 125 
 
5th day decon 11/01/13 08:29a.m 02:30p.m 6.0 426  4.5425 4.5564 2.2782 13.9 6.95 32.7 
 
6th day decon 11/04/13 08:35a.m 02:36p.m 6.0 426  4.5355 4.5484 2.2742 12.9 6.45 30.3 
 
7th day decon 11/05/13 08:06a.m 02:08p.m 6.0 426  4.5501 4.5656 2.2828 15.5 7.75 36.4 
 
8th day decon 11/06/13 08:25a.m 02:26p.m 6.0 426  4.5402 4.5471 2.2736 6.90 3.45 16.2 
 
9th day decon 11/07/13 08:21a.m 02:23p.m 6.0 426  4.5281 4.5421 2.2711 14.0 7.00 32.9 
 
10th day decon 11/08/13 03:32a.m 02:33a.m 6.0 426  4.5310 4.5431 2.2716 12.1 6.05 28.4 
 
Clean up 11/27/13 09:12a.m 12:30p.m 3.2 226  4.5174 4.6393 2.3197 122 61.0 541 
8080 Senator Pre-sampling 11/13/13 02:32p.m 08:34p.m 6.0 426  4.5274 4.5318 2.2659 4.40 2.20 10.3 
 
1st day decon 11/14/13 09:07a.m 03:08p.m 6.0 426  4.5168 4.5354 2.2677 18.6 9.30 43.7 
 
Demo 11/25/13 04:15p.m 07:30p.m 3.2 223  4.5554 4.6528 2.3264 97.4 48.7 436 
 
Clean up 12/04/13 09:36a.m 01:15p.m 3.2 228  4.5413 4.9173 2.4587 376 188 1652 
9178 Falcon Pre-sampling 11/09/13 08:47a.m 02:48p.m 6.0 426  4.5451 4.5607 2.2804 15.6 7.80 36.7 
 
1st day decon 11/11/13 08:49a.m 02:51p.m 6.0 426  4.5205 4.5379 2.2690 17.4 8.70 40.9 
 
2nd day decon 11/12/13 08:29a.m 02:30p.m 6.0 426  4.5090 4.5435 2.2718 34.5 17.2 81.1 
 
Demo 11/25/13 01:46p.m 03:48p.m 2.0 142  4.5059 4.5629 2.2815 57.0 28.5 402 
 
clean up 12/02/13 09:15a.m 01:16p.m 5.0 355  4.5507 5.0403 2.5202 490 245 1381 
2387 Pearl Pre-sampling 11/13/13 08:27a.m 12:35p.m 6.0 426  4.5451 4.5607 2.2804 15.6 7.80 36.7 
 
Demo 11/25/13 10:10a.m 01:10p.m 3.0 213  4.5205 4.5379 2.2690 17.4 8.70 81.8 
  Clean up 12/12/13 11:00a.m 03:35p.m 4.3 301  4.5090 4.5435 2.2718 34.5 17.2 114 
             Aerosol sampler flow rate = 1.182m
3
/min, Volume of solution = 25mL, decon = deconstruction and demo = demolition.  
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Table 3.4: Elemental concentration (µg/m3) of aerosol samples collected during pre- and after 
deconstruction/demolition and clean-up of the five study houses in Springwells Detroit, Michigan. 
Site Name Be  Al Cr Mn Fe Ni Cu Zn As Se Ag Cd Sb Ba Tl Pb 
2630 Inglis 
                
Pre BDL 2803 73.2 376 9616 30.1 199 437 8.3 7.05 BDL 3.38 35.6 41.0 0.23 10.3 
1d decon BDL BDL 34.5 208 3375 10.3 125 101 4.2 5.89 BDL 1.12 19.6 BDL 0.24 39.6 
2d decon BDL BDL BDL 372 5481 BDL 31.8 162 3.5 8.12 BDL BDL 5.38 3.4 0.11 37.8 
3d decon BDL 1960 11.4 105 3339 5.46 53.9 145 3.3 0.18 BDL BDL 6.01 76.2 0.14 95.5 
4d decon BDL BDL BDL 339 5832 BDL 81.8 119 4.8 1.04 BDL BDL 5.34 0.62 0.07 51.7 
5d decon BDL 204 BDL 309 7745 BDL 82.3 177 4.6 1.50 BDL BDL 9.50 27.7 0.08 68.3 
Demo/cleanup BDL 4098 11.2 96.7 2378 17.0 72.8 296 6.8 0.96 BDL 11.2 10.8 148 0.21 202 
2377 Sharon 
                Pre 0.47 BDL BDL 76.2 2292 BDL 72.2 209 4.3 0.49 BDL BDL 2.35 20.7 0.40 54.0 
1d decon 3.68 59412 222 1545 58753 91.3 510 9976 181 13.4 1.24 46.2 588 BDL 5.08 56.8 
2d decon 1.14 20401 91.4 501 17473 32.6 152 3188 83.8 3.85 BDL 16.8 61.9 BDL 3.05 65.1 
3d decon 0.19 BDL BDL 137 3082 25.9 639 63 3.21 BDL BDL BDL 12.3 BDL 0.09 78.5 
4d decon 0.45 BDL 3.07 112 5769 25.4 130 508 6.38 0.42 16.2 37.9 11.3 BDL 0.11 88.3 
5d decon 0.34 BDL BDL 52.5 2910 4.55 144 144 5.16 BDL 11.2 54.8 7.03 BDL 0.13 85.5 
6d decon 0.53 215 5.59 142 4051 7.14 76.0 425 5.51 2.03 BDL 16.9 5.82 54.8 0.21 85.9 
7d decon BDL BDL BDL 18.0 918 BDL 24.5 66 2.57 BDL BDL 5.02 1.46 14.6 0.08 87.1 
8d decon BDL BDL BDL 462 6933 BDL 644 667 6.78 9.32 BDL 32.1 3.66 BDL 0.20 147 
9d decon  BDL BDL BDL 40.8 1951 BDL 16.4 31.8 3.05 2.12 BDL BDL 3.37 BDL 0.20 122 
10d decon BDL BDL BDL 104 3273 BDL 186 150 7.36 5.49 BDL BDL 10.3 38.6 0.27 198 
Clean up BDL 10342 BDL 266 8033 51.0 243 495 18.3 12.4 BDL BDL 24.0 275 0.63 408 
9178 Falcon 
                Pre BDL BDL BDL 137 3798 BDL 74.9 161 4.84 2.03 BDL BDL 4.62 95.6 0.16 75 
1d decon 0.27 4416 21.0 73.3 3227 8.71 24.7 312 11.9 0.33 BDL 0.77 3.35 180 0.61 161 
2d decon BDL 1424 7.34 25.2 972 2.79 9.9 116 8.84 BDL BDL 0.50 1.38 BDL 0.16 196 
Demo BDL 2592 BDL 263 6496 10.9 154 264 10.6 8.46 BDL BDL 16.4 164 0.54 209 
Clean up 0.04 2206 BDL 181 3658 9.36 120 213 4.87 3.66 BDL BDL 5.55 108 0.16 196 
8080 Senator 
                Pre BDL 2862 BDL 80.4 2921 BDL 53.1 194 4.28 0.08 BDL BDL 2.02 18.4 0.42 115 
1d decon 0.29 BDL BDL 112 4070 BDL 87.3 196 6.02 0.22 BDL BDL 4.02 35.0 0.35 448 
Demo 0.41 8256 18.3 178 5667 10.6 50.1 381 9.65 1.21 BDL 0.79 5.13 310 0.51 767 
Clean up 5.11 BDL BDL 1562 24909 BDL 1206 1129 23.7 24.14 BDL BDL 23.2 BDL 0.63 421 
2387 Pearl 
                Pre 1.60 3717 13.4 91.2 2236 19.4 68.2 134 1.60 BDL BDL BDL 2.71 81.0 0.07 83.9 
Demo 0.25 BDL BDL 47.4 2349 BDL 27.2 291 5.30 0.67 BDL BDL 7.75 224 0.37 463 
Clean up 0.63 2517 8.31 55.9 2175 4.87 27.6 317 4.42 BDL BDL 1.68 1.78 BDL 0.28 419 
* BDL = Below detection limit, pre = pre- deconctruction, decon = deconstruction and demo = demolition 
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Table 3.5: Elemental ratios of As/Al, Cr/Al, Cd/Al and Pb/Al in aerosol samples. 
Site Name Time (day) 
As/Al 
(x10
-3
) 
Cr/Al 
(x10
-3
) 
Cd/Al 
(x10
-3
) 
Pb/Al 
(x10
-3
) 
2630 Inglis Pre 3.15 26.1 1.20 3.70 
 
1d decon BDL BDL BDL BDL 
 
2d decon BDL BDL BDL BDL 
 
3d decon 1.7 BDL BDL 48.7 
 
4d decon BDL BDL BDL BDL 
 
5d decon 22.7 BDL BDL 335 
 
Demo/clean up 1.72 2.70 2.70 49.3 
2377 Sharon Pre BDL BDL BDL BDL 
 
1d decon 3.32 BDL BDL 1.12 
 
2d decon 4.11 BDL BDL 3.20 
 
3d decon BDL BDL BDL BDL 
 
4d decon BDL BDL BDL BDL 
 
5d decon BDL BDL BDL BDL 
 
6d decon 26.0 BDL 10.0 400 
 
7d decon BDL BDL BDL BDL 
 
8d decon BDL BDL BDL BDL 
 
9d decon BDL BDL BDL BDL 
 
10d decon BDL BDL BDL BDL 
 
Clean up 2.34 BDL BDL 39.4 
9178 Falcon Pre BDL BDL BDL BDL 
 
1d decon 3.12 BDL BDL 36.4 
 
2d decon 6.33 0.0 0.0 138 
 
Demo 4.17 BDL BDL 80.8 
 
clean up 2.32 BDL BDL 88.9 
8080 Senator Pre 1.12 BDL BDL 40.1 
 
1d decon BDL BDL BDL BDL 
 
Demo 1.17 BDL BDL BDL 
 
Clean up BDL BDL BDL BDL 
2387 Pearl Pre BDL BDL BDL BDL 
 
Demo BDL BDL BDL BDL 
  Clean up 2.04 BDL BDL 170 
BDL = Below detection limit, pre = pre deconstruction, decon = deconstruction and demo = 
demolition. 
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Table 3.6: Elemental ratios of Pb/Cr, Pb/As, Pb/Cd and Pb/Al in aerosol samples. 
Site Name Time (day) Pb/Cr Pb/As Pb/Cd    
2630 Inglis Pre-sampling 0.14 1.23 3.03  
1st day decon 1.15 9.45 35.2  
2nd day decon BDL 10.8 BDL  
3rd day decon 8.37 29.2 BDL  
4th day decon BDL 10.7 BDL  
5th day decon BDL 14.8 BDL  
Demo & clean up 18.0 29.6 18.1  
2377 Sharon Pre-sampling BDL 12.6 BDL  
1st day decon 0.26 0.31 1.23  
2nd day decon 0.71 0.78 3.88  
3rd day decon BDL 24.5 BDL  
4th day decon 28.8 13.9 2.33  
5th day decon BDL 16.6 1.56  
6th day decon 15.4 15.6 5.07  
7th day decon BDL 33.8 17.4  
8th day decon BDL 21.6 4.6  
9th day decon BDL 40.2 BDL  
10th day decon BDL 26.9 BDL  
Clean up BDL 22.3 BDL  
8080 Senator Pre-sampling BDL 26.9 BDL  
1st day decon BDL 74.4 BDL  
Demo 41.8 79.5 975  
Clean up BDL 17.8 BDL  
9178 Falcon Pre-sampling BDL 15.5 BDL  
1st day decon 7.66 13.5 208  
2nd day decon 26.7 22.2 393  
Demo BDL 19.8 BDL  
clean up BDL 40.2 BDL  
2387 Pearl Pre-sampling 6.28 52.6 BDL  
Demo BDL 87.4 BDL  
  Clean up 50.5 94.8 249  
BDL = Below detection limit, decon = deconstruction and demo = demolition. 
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Figure 3.1: Temporal and spatial variations of aerosol mass concentrations 
during pre-air sampling, deconstruction stages, demolition and clean-up in the 
five study sites: (a) 2630 Inglis: 5 days deconstruction, demolition and clean-up 
activities; (b) 2377 Sharon: 10 days deconstruction and clean up; (c) 9178 
Falcon: 2 days deconstruction, demolition and clean up; (d) 8080 Senator: 1 day 
deconstruction, demolition and clean-up; and (e) total demolition and clean-up. 
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Figure 3.2: Temporal and spatial variations of airborne Pb concentration during 
pre-air sampling, deconstruction stages, demolition and clean-up in the five 
study sites: (a) 2630 Inglis: 5 days deconstruction activities, demolition and 
clean up; (b) 2377 Sharon: 10 days deconstruction and clean up; (c) 9178 Falcon: 
2 days deconstruction, demolition and clean up; (d) 8080 Senator: 1 day 
deconstruction, demolition and clean up; and (e) total demolition and clean-up. 
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Figure 3.3: Relationship between aerosol mass and Pb concentrations in Inglis 
and Sharon house. 
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Figure 3.4: The temporal variability of Pb/As ratio, possibly indicating different 
sources of Pb and As.  
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Figure 3.5: Pb/Al and As/Al ratios in Falcon, possibly suggesting their common 
sources of being derived from the soil re-suspension.  
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Inglis and Falcon house is shown Figure 3.6.  It appeared that these variations 
were due to variations in the re-suspended dust with high Al concentrations. 
3.3.3 Chromium in aerosol samples 
The concentration of chromium in PM10 samples during clean-up in 3 out 
of 5 samples were below detection limit (Table 3.4). However, in two samples 
the concentrations were high (73µg/m3 Inglis and 13µg/m3 Pearl). All of the five 
houses studied had asbestos (generic name for a group of naturally occurring 
hydrated mineral silicates) and one of the asbestos mined in the United States 
was chrysotile, enriched in chromium. The sporadic release of dust from 
chrysotile asbestos could be possible source of PM10 samples. The two high 
values of Cr concentration of 222 and 91.4µg/m3 were found on the first and 
second day of deconstruction, respectively in the Sharon house. The 
concentrations of Cr during demolition/clean-up were found low (Table 3.4 and 
Figure 3.6). 
3.3.4 Manganese in aerosol samples 
Manganese concentrations in aerosol samples varied widely, from 18.0 to 
1545µg/m3, with no discernable trend. Highest concentration was found in the 
same sample in which highest Cr concentration was found (Table 3.4). Release of 
coating of Mn oxides in aerosols could have contributed to the varied 
concentrations in PM10. In Senator, the concentration of Mn during demolition 
and clean-up was elevated, but we did not find the same in all other houses.  
There were no correlations between Al and Mn concentrations, indicating that, 
the terrigeneous dust did not contribute much to the Mn concentration.  
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Figure 3.6: Temporal and spatial variations of Al, Cr and Cd concentrations of the 
study sites during pre-deconstruction/demolition and clean-up activities. 
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Figure 3.7: Temporal and spatial variations (Histogram) of Pb/As ratio of the 
study sites during pre-deconstruction/demolition and clean-up activities, 
showing different sources of Pb and As. 
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3.3.5 Iron in aerosol samples 
Iron concentration varied considerably from site to site. Concentration of 
Fe during pre-deconstruction/demolition varied from 2236 to 9616µg/m3. The 
highest and lowest concentration of Fe was found in the 1st and 7th day of 
deconstruction in Sharon house (site 2) to be 58753 and 918µg/m3 respectively. 
The deconstruction activities on the 1st day primarily include removal of metals 
piping from: (i) plumbing, and (ii) domestic hot water, rusted door and window 
frames etc. These activities generated considerable amount of iron dust adding 
to the resuspended iron dust from the soil, contributing to an elevated iron levels 
in the air. In Inglis highest Fe concentration in air was also found in the first day 
of deconstruction (Table 3.4). In Falcon and Senator, the highest Fe 
concentrations were found during demolition and clean up, but the 
concentration between pre and demolition/clean-up remained relatively 
constant in the Pearl house. There is no systematic elevated concentration of Fe 
during demolition/clean-up in all the 5 houses. 
3.3.6 Nickel in aerosol samples 
Nickel concentrations in PM10 samples during pre-deconstruction varied 
widely from below detection limit to 30.1µg/m3 with about 42% of the collected 
aerosol samples (n = 31) have values below detection limit. The highest Ni 
concentration of 91.3µg/m3 was found on the 2nd day of deconstruction in the 
Sharon house. The demolition and clean-up of Ni concentration also varied from 
4.9 to 51.0µg/m3. There was no systematic variation of Ni concentration with the 
progress of the deconstruction activity. 
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3.3.7 Copper in aerosol samples 
The concentrations of Cu in all the sites before the start of deconstruction 
varied from 53.1 to 199µg/m3. Falcon and Senator have the highest Cu 
concentrations during demolition/clean-up, while Inglis had the highest 
concentration during pre-deconstruction air sampling. 
3.3.8 Zinc in aerosol samples 
The concentrations of Zinc varied from 63.0 to 9976µg/m3 in Sharon 
house. The pre-deconstruction Zn concentration varied from 134 to 437µg/m3.  
It was noticed that, Sharon house had highest Zn concentration at the 1st day of 
the deconstruction activity similar to other elements e.g. Al, Cr, Mn, Fe and Ni. 
High Zn concentration was also found during the clean-up activity in Senator, 
while the concentration in all other sites remained fairly constant. The worn out 
rubber backing underlying a carpet could likely be a significant source of aerosol 
Zn. 
3.3.9 Arsenic in aerosol samples 
Arsenic concentration before the start of deconstruction and demolition 
varied between of 1.6 and 8.3µg/m3 in the 5 houses with the highest value in 
Inglis and lowest value in Pearl (Table 3.4). The highest concentration of As was 
found during deconstruction/clean-up activities from 9.6 to 23.7µg/m3 in 
Senator (Figure 3.8). There was no systematic arsenic variation in PM10 samples 
with the progress of the deconstruction/demolition activities. Arsenic being one 
of the components of lead-based paint showed no significant correlation with Pb 
(r = 0.21) in all of the sites. The temporal and spatial variation of Pb/As ratio is 
plotted in Figure 3.4. The graph showed that Pb and As have different sources, 
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and these can be clearly seen in first day of deconstruction and demolition 
activity at Sharon house. 
 The high concentrations of arsenic were likely associated with the 
arsenic used in wood preservation and those woods might have been used for 
the construction of the house. Some studies showed that animals such as horses 
are subjected to arsenic pollution with higher arsenic residue mainly found in 
their hairs (NRC 1976). In most old homes (1930s), many installers added 
horsehair to the plaster mix to reinforce the walls and ensure the long lasting of 
the walls before painting, which could be another source of As in Sharon and 
Senator houses. The arsenic concentrations of the rest of the sites remained 
relatively constant. 
3.3.10 Selenium in aerosol samples 
Selenium concentrations were found below detection limit in about 19% 
of the total PM10 aerosol samples. High concentrations of 12.4 and 24.1µg/m3 
were found during clean-up of buildings debris in Sharon and Senator, while in 
other sites the concentrations remained relatively constant. The concentrations 
of selenium in PM10 samples collected before deconstruction activity varied 
between 0.08 and 7.0µg/m3 (Table 3.4). 
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Figure 3.8: Temporal and spatial variations of arsenic (As) concentrations of the 
study sites in Pre-, during and after deconstruction and demolition air sampling 
using PM10 high volume aerosol sampler. 
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The variations in concentrations of selenium during 5th and 10th day of 
deconstruction (Table 3.4) is likely due to varying sources of aerosols containing 
different concentration levels of Se. Selenium are commonly used as a pigment in 
the manufacturing of plastics, paints, enamels, inks, rubber, antidandruff 
shampoos (selenium sulfide) etc. The PM10 dust generated by crushing and 
gridding of selenium contained materials during demolition and clean-up could 
likely be the source of high selenium PM10 samples. 
3.3.11 Silver in aerosol samples 
In about 90% of the PM10 samples had silver concentrations were found 
below detection limit in the study sites. Only Sharon house was found having 
silver concentrations of 1.2, 16.2 and 11.2µg/m3 in the 1st, 4th and 5th day of 
deconstruction respectively (Table 3.4). The high concentration of silver could be 
derived from secondary sources of silver including new scraps generated in the 
manufacture of silver-containing products, coin and bullion, and old scrap from 
electrical products, batteries, jewelry and silverware in Sharon house.  
3.3.12 Cadmium in aerosol samples 
Most of the PM10 samples had Cd concentrations varying below detection 
limit (about 55% of the total aerosol samples) to 54.8µg/m3. The cadmium 
concentrations in PM10 aerosols during pre-deconstruction or demolition as well 
as demolition/clean-up were below detection limit, except in Inglis house. 
During deconstruction phase, the Cd concentration in Sharon varied from below 
detection limit to 54.8µg/m3 (Table 3.4).  
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Although some fraction of Cd could be derived from paint (0.001% by weight), 
no significant correlation between Pb and Cd is found suggesting that Cd is not 
likely derived from lead based-paint. The other possible sources of Cd could 
come from wind blowing across airborne soil particles, volcanogenic aerosols, 
refuse incineration, iron and steel production. 
3.3.13 Antimony in aerosol samples 
The concentration of Sb in PM10 aerosols before deconstruction 
/demolition varied between 2.0 and 35.6µg/m3. The concentration during 
demolition/clean up increased significantly from 1.8 to 24.0µg/m3. The highest 
concentration observed during the 1st day of deconstruction at Sharon house is 
about two orders of magnitude higher than all other samples from the 5 sites 
(Table 3.4). These values can be compared to the ambient air levels of < 0.001 to 
0.170µg/m3 reported by the EPA (2000). 
3.3.14 Barium in aerosol samples 
Barium in air is generally present in particulate form. Concentration of Ba 
in PM10 samples collected before deconstruction/demolition activities varied 
between 18.4 and 95.6µg/m3. Barium concentration value of 275µg/m3 was 
found in Sharon house during the clean-up activity, which was the highest value 
during the clean-up activities in all five study sites, while Senator and Pearl 
houses had clean-up value of Ba that was below detection limit. In the United 
States, concentrations of Ba in ambient air have been found to range from 0.0015 
to 0.95µg/m3 (EPA 1984) and thus the background concentration in air sampling 
was 1 to 4 orders of magnitude higher than that of the values reported by U.S 
EPA (1984). 
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3.3.15 Thallium in aerosol samples 
Thallium is a metal found in natural mineral deposits such as ores and in 
association with copper, zinc and cadmium. Concentrations of Tl before the start 
of deconstruction activities range from 0.07 to 0.42µg/m3. The highest Tl 
concentration of 5.1µg/m3 was found in 1nd day of deconstruction in Sharon 
house. The Tl concentration during demolition and clean-up in all the sites 
remained relatively constant (Table 3.4). Thallium is commonly found to be 
enriched along with copper, zinc and cadmium.  
3.3 Soil sampling results and discussion 
The percentage reagent blank level of metals for pre, after deconstruction 
/ demolition and backfill soils for the 5 study sites is presented in Table 3.7 and 
their concentrations are given in Table 3.14. The percentage blank levels 
compared to the average concentration in the soil samples for Pb, Al, Mn, Fe, As 
and Ba was less than 1%, while Be and Tl had negligible values and Cu had the 
highest reagent blank level on samples collected during pre-, after 
deconstruction/demolition and backfill activities.  
For example, the percentage blank level for soil Pb in Inglis for pre- 
deconstruction/demolition and backfill soil sample is calculated below: 
From Table 3.7 and 3.14. 
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Average soil pre decon/demo Pb Conc.  = 416µg/g 
Reagent blank conc. = 0.11µg 
Mass of sample = 0.5g 
416 µg/g * 0.5g = 208µg 
Therefore: (0.11 µg /208 µg) * 100% 
Pb = 0.05%. 
Average backfilled soil Pb Conc.  = 57.2µg/g 
Blank conc. = 0.11µg 
Mass of sample = 0.5g 
57.2 µg/g * 0.5g = 28.6µg 
Therefore: (0.11 µg /28.6 µg) * 100% 
Pb = 0.39%. 
     
 
   
Table 3.7: Concentrations (µg) of elements in reagent blanks for soil samples. 
Blank Be Al Cr Mn Fe Ni Cu Zn As Se Ag Cd Sb Ba Tl Pb 
1 BDL 35.1 0.26 0.15 9.62 0.16 2.97 6.27 0.02 BDL BDL 0.07 0.01 0.44 BDL 0.12 
2 BDL 35.6 0.95 0.26 12.5 0.28 2.78 6.39 0.01 BDL BDL 0.03 0.01 0.42 BDL 0.15 
3 BDL 44.2 0.14 0.19 7.89 0.13 3.16 6.07 0.03 BDL BDL BDL 0.02 0.50 BDL 0.10 
4 BDL 41.0 0.24 0.49 16.6 0.32 3.11 7.32 0.05 0.33 BDL 0.12 0.01 0.50 BDL 0.13 
5 BDL 31.5 3.18 0.16 8.13 0.45 2.42 6.84 0.03 BDL BDL 0.02 0.05 1.34 BDL 0.13 
6 BDL 38.6 1.72 0.22 8.96 0.40 2.76 9.15 BDL BDL BDL 0.04 0.01 0.43 BDL 0.13 
7 BDL 38.3 0.86 0.09 1.97 0.29 2.08 9.29 BDL BDL BDL 0.03 BDL 0.32 BDL 0.05 
8 BDL 46.6 0.22 0.15 8.65 0.20 3.86 10.3 0.02 BDL 0.01 0.03 0.02 0.35 BDL 0.10 
9 BDL 38.7 0.19 0.12 6.67 0.41 6.09 9.85 0.04 BDL BDL 0.04 0.04 0.45 BDL 0.10 
Mean BDL 38.8 0.86 0.20 9.00 0.29 3.25 7.95 0.03 0.33 0.01 0.05 0.02 0.53 BDL 0.11 
BDL = below detection limit 
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Table 3.8: Minimum and maximum concentrations (µg) of elements in soil blanks and 
 fractional amount of blanks with respect to samples. 
Metal Reagent Blank Soil blank % Error % Error 
  Min (µg) Max(µg) Min(µg) Max(µg) Min Max 
Be BDL BDL BDL 4.09 <0.01 <0.01 
Al 31.5 46.6 2195 29753 0.11 
2.12 
Cr 0.19 3.18 1.80 52.9 0.37 177 
Mn 0.09 0.49 20.3 567 0.02 2.44 
Fe 1.97 16.6 975.5 17819 0.01 1.70 
Ni 0.13 0.45 0.95 26.2 0.51 47.8 
Cu 2.08 6.09 BDL 266 0.78 <0.01 
Zn 6.07 10.3 9.46 1170 0.52 10.9 
As BDL 0.05 0.52 32.2 <0.01 9.40 
Se BDL 0.33 BDL 2.17 <0.01 <0.01 
Ag BDL 0.07 BDL 0.38 <0.01 <0.01 
Cd BDL 0.04 0.09 5.52 <0.01 43.4 
Sb 0.01 0.05 0.13 2.65 0.23 41.2 
Ba 0.32 0.50 33.7 522 0.06 1.49 
Tl BDL BDL 0.06 1.29 <0.01 3.77 
Pb 0.05 0.57 8.88 420 0.01 6.41 
   * Min or Max = amount of element al conc. in reagent blank/average elemental conc. in soil sample 
   BDL = below detection limit.  
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Table 3.9: Percentage (%) of elemental concentrations in reagent blanks 
compared to the corresponding values in the soil before deconstruction 
and demolition activities. 
Elements Inglis Sharon Falcon  Senator Pearl 
Be <0.1 <0.1 <0.1 <0.1 <0.1 
Al 0.2 0.2 0.2 0.2 0.2 
Cr 2.5 2.5 3.9 2.8 2.9 
Mn 0.05 0.07 0.09 0.09 0.07 
Fe 0.07 0.07 0.09 0.08 0.07 
Ni 1.8 2.2 2.7 2.5 2.2 
Cu 11 14 23 2.6 13 
Zn 1.6 3.3 7.7 3.1 2.0 
As 0.5 0.6 0.6 0.2 0.3 
Se 2.6 9.6 5.4 9.9 2.9 
Ag 3.5 3.2 3.2 2.7 3.2 
Cd 1.5 3.4 6.4 2.6 2.1 
Sb 1.6 2.4 3.7 2.1 1.4 
Ba 0.1 0.2 0.2 0.2 0.2 
Tl <0.1 <0.1 <0.1 <0.1 <0.1 
Pb 0.05 0.05 0.3 0.06 0.04 
 
Table 3.10: Percentage (%) of elemental concentrations in reagent blanks 
compared to the corresponding values in the soil after deconstruction and 
demolition activities. 
 
Elements Inglis Sharon Falcon Senator Pearl 
Be <0.1 <0.1 <0.1 <0.1 <0.1 
Al 0.4 0.2 0.2 0.2 0.3 
Cr 11 5.2 6.4 4.6 6.4 
Mn 0.2 0.1 0.1 0.1 0.2 
Fe 0.2 0.1 0.1 0.1 0.2 
Ni 7.2 4.1 5.2 2.9 4.8 
Cu 52 31 32 30 45 
Zn 23 5.5 25 22 15.3 
As 1.4 0.7 0.8 0.6 0.4 
Se 12 2.5 <0.1 <0.1 26 
Ag 19 7.2 16 13 10 
Cd 19 6.8 25 24 14. 
Sb 8.7 4.4 7.9 6.6 4.6 
Ba 0.4 0.3 0.3 0.3 0.3 
Tl    <0.1 <0.1 <0.1 <0.1 <0.1 
Pb 0.5 0.1 0.5 0.4 0.8 
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Table 3.11: Percentage (%) of elemental concentrations in reagent blanks 
compared to the corresponding values in the backfill soil. 
Elements Inglis Sharon Falcon Senator Pearl 
Be <0.1 <0.1 <0.1 <0.1 <0.1 
Al 0.2 0.2 0.2 0.2 0.2 
Cr 5.0 5.0 5.8 6.4 4.7 
Mn 0.1 0.1 0.1 0.2 0.1 
Fe 0.1 0.09 0.1 0.1 0.1 
Ni 3.2 3.2 3.5 5.2 3.0 
Cu 25 36 40 42 15 
Zn 36 24 34 5.6 19 
As 0.8 0.7 0.9 0.6 1.0 
Se 7.7 8.9 <0.1 <0.1 2.4 
Ag 2.5 2.1 2.4 6.4 1.2 
Cd 31 30 34 6.0 17 
Sb 3.0 5.3 8.5 4.5 5.7 
Ba 0.3 0.3 0.4 0.2 0.4 
Tl <0.1 <0.1 <0.1 <0.1 <0.1 
Pb 0.4 0.4 0.6 0.1 0.7 
 
Three sets of USGS rock standards were also run along with the soil 
samples: i) Diabase W-2, ii) Granite G-2 and iii) Andesite AVG-1. The certified 
USGS standard values and the measured values of metal concentrations are given 
in Table 3.12. The certified and measured Pb concentration values in USGS 
standards are: in diabase W-2 (9.3 and 8.6ppm), Granite G-2 (30 and 30ppm) 
and Andesite AVG-1 (36 and 39ppm). The certified and the measured values are 
in good agreement. Beryllium and chromium certified and measured values were 
found to be different by a factor of about 2 in AVG-1 and G-2, and AVG-1 and W-2 
respectively. The agreements between measured and certified values for all 
three standards are very good for Fe, Ni, As, Sb, Ba and Pb. However for Al, Mn 
and Zn two of the three standards agree (within ± 10-15%), while Ag and Tl 
values agree within one standard deviation. 
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Table 3.12: Comparison of the measured and certified values of elemental 
concentrations (µg/g) in three USGS rock standards using Agilent 7700 series 
ICP-MS. 
  W-2 G-2 AVG-1 
Element 
Certified 
Value 
Measured 
value 
Certified 
Value 
Measured 
Value 
Certified 
Value 
Measured 
Value 
Be 1.3 BDL 2.5 2.4 2.1 0.95 
Al 81200 64716 81448 78792 90762 95908 
Cr 93 89 * 1.6 10 4.3 
Mn 1260 1204 189.58 261 710 716 
Fe 75100 71089 18605 18596 47351 49620 
Ni 70 67.5 * 7.8 16 16 
Cu 103 102 11 10 60 44 
Zn 80 59 86 70 88 78 
As 1.2 1.2 0.25 0.29 0.88 0.90 
Se * BDL 0.07 0.03 * 0.81 
Ag 0.046 BDL * 0.05 0.078 0.084 
Cd 0.104 0.23 * 0.15 0.069 0.070 
Sb 0.79 0.79 * 0.090 4.3 4.3 
Ba 182 174 1880 1806 1230 1195 
Tl * 0.099 * 0.931 0.34 0.37 
Pb 9.3 8.6 30 29.8 36 39 
* No values, BDL = below detection limit 
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Table 3.13: Pre- and after deconstruction/demolition and backfill soil samples of 
the 5 study houses showing longitude and latitude (location). 
 
Site 
Sampling 
description 
Sampling 
date 
Sampling 
Location 
Latitude Longitude 
Inglis Pre 8/6/2013 1 42.185247 83.075035 
2 42.185242 83.075012 
3 42.185221 83.075001 
4 42.185264 83.075011 
After 12/9/2013 1 42.185201 83.075001 
2 42.185287 83.075098 
3 42.185277 83.075083 
Backfilled 12/27/2013 1 42.185205 83.075072 
2 42.185222 83.075005 
Sharon Pre 10/5/2013 1 42.183505 83.073977 
2 42.183501 83.073973 
3 42.183526 83.073923 
4 42.183551 83.073911 
After 10/13/2013 1 42.183578 83.073918 
2 42.183534 83.073908 
3 42.183543 83.073998 
Backfilled 12/27/2013 1 42.183513 83.073929 
2 42.183520 83.073971 
Falcon Pre 10/11/2013 1 42.302641 83.133631 
2 42.302665 83.133722 
3 42.302605 83.133811 
4 42.302613 83.133345 
After 12/9/2013 1 42.302676 83.133432 
2 42.302687 83.133472 
3 42.302612 83.133441 
Backfilled 12/27/2013 1 42.302604 83.133434 
2 42.302612 83.133485 
Senator Pre 10/4/2013 1 42.309617 83.127809 
2 42.309621 83.127809 
3 42.309798 83.127917 
4 42.309686 83.127847 
After 12/9/2013 1 42.309681 83.127803 
2 42.309723 83.127802 
3 42.309625 83.127841 
Backfilled 12/28/2013 1 42.309603 83.127654 
2 42.309773 83.127543 
Pearl Pre 10/4/2013 1 42.311413 83.311413 
2 42.311241 83.131108 
3 42.311241 83.131458 
4 42.311399 83.131026 
After 12/13/2013 1 42.311365 83.131054 
2 42.311354 83.131066 
3 42.311441 83.311034 
Back filled 12/27/2013 1 42.311456 83.311007 
      2 42.311476 83.311104 
Mass of soil and volume of digested solution are 0.50g and 25.0mL 
respectively. Pre and after = pre- and after deconstruction/demolition. 
      
 
    
Table 3.14: Pre-, after deconstruction/demolition and backfill soil sample metal concentrations (µg/g). 
 
Site 
Sampling 
description 
Be Al Cr Mn Fe Ni Cu Zn As Se Ag Cd Sb Ba Tl Pb 
Inglis Pre 3.72 44410 30.6 243 13363 15.2 9.54 43.4 5.22 BDL 0.09 0.26 0.38 504 0.48 34.1 
1.92 49847 88.0 1133 33531 44.3 82.2 820 12.9 BDL 0.56 6.22 3.72 671 1.23 744 
8.21 59507 106 1091 35639 52.4 117 2339 21.4 4.31 0.65 11.1 5.33 1044 2.62 310 
BDL 42643 47.5 622 19189 21.2 38.9 678 7.91 0.68 0.24 7.06 1.40 715 0.81 578 
After BDL 4389 3.62 40.6 1951 1.94 BDL 19.7 1.05 1.23 BDL 0.19 0.26 67.4 0.13 30.1 
BDL 22919 23.1 259 10565 11.5 14.8 169 6.35 0.13 0.15 1.04 0.81 267 0.28 94.2 
2.41 37024 19.4 283 11094 11.2 20.9 18.9 4.92 0.45 0.05 0.31 0.43 417 0.37 24.4 
Backfilled 0.03 29565 24.7 215 13947 14.4 18.2 30.2 5.61 0.65 0.04 0.34 0.53 239 0.37 48.2 
0.66 50835 44.0 398 22680 22.6 34.8 57.8 8.40 1.03 0.07 0.33 2.42 421 0.54 66.3 
Sharon Pre 0.65 43008 59.3 535 21629 21.4 35.7 365 8.33 0.31 0.39 2.11 1.61 491 0.69 336 
1.24 51997 80.2 634 29409 33.6 59.3 740 10.1 BDL 0.48 3.87 2.22 560 0.95 595 
3.15 44574 67.6 528 21278 21.5 32.6 280 7.81 0.87 0.32 1.82 1.52 512 0.67 275 
1.92 51335 73.5 653 28663 31.5 53.9 573 9.89 1.52 0.50 3.34 2.11 584 0.98 519 
After BDL 35435 31.1 270 14541 12.3 26.4 368 12.1 4.03 0.25 1.73 1.39 444 0.49 237 
0.67 35457 23.4 292 13795 10.2 5.43 65.1 2.86 BDL 0.04 0.33 0.34 376 0.26 378 
BDL 36006 44.6 414 19133 20.4 30.8 432 8.51 3.74 0.27 2.11 1.32 442 0.66 351 
Backfilled 1.82 44565 36.6 339 21077 20.3 20.6 70.7 9.42 1.52 0.08 0.35 1.14 370 0.50 55.1 
BDL 37178 32.9 316 17503 17.1 15.4 61.9 7.81 BDL 0.05 0.27 0.62 307 0.44 48.7 
Falcon Pre 0.04 48049 42.1 457 19755 20.3 30.2 192 8.54 BDL 0.39 1.32 1.11 513 0.63 80.1 
BDL 52512 45.4 503 21226 21.1 25.9 175 8.82 BDL 0.35 1.51 1.21 549 0.54 88.3 
BDL 48386 41.5 463 19348 17.3 27.1 147 8.63 1.59 0.27 1.21 1.04 523 0.48 91.9 
2.23 49787 44.3 488 19723 27.2 31.4 309 10.1 3.24 0.66 2.01 1.52 504 0.48 88.4 
After 1.84 40286 31.1 464 15785 13.8 15.1 106 7.62 BDL 0.14 0.68 0.68 454 0.48 78.7 
BDL 36711 22.7 263 12730 11.33 8.73 53.9 6.13 BDL 0.06 0.26 0.53 393 0.42 31.9 
0.60 29145 27.2 562 12337 9.14 37.2 34.7 7.72 BDL 0.06 0.18 0.47 320 0.35 22.1 
Backfilled 0.65 27749 25.8 291 14778 14.9 13.5 38.5 5.40 BDL 0.06 0.18 0.42 242 0.36 34.7 
1.92 40621 34.0 375 19390 19.0 18.9 55.2 7.82 3.82 0.05 0.38 0.61 333 0.46 42.9 
Senator Pre BDL 25049 37.5 285 12621 16.0 22.5 316 4.81 BDL 0.22 1.91 1.22 280 0.29 192 
0.67 50523 69.1 511 24416 24.3 532 583 25.9 BDL 0.38 3.82 2.24 594 0.96 648 
0.03 51239 79.3 530 25822 29.9 352 485 64.4 1.72 0.77 5.49 2.30 605 1.04 638 
4.42 47211 56.9 506 23727 24.8 81.7 675 28.1 0.92 0.66 3.71 2.71 644 1.23 136 
After BDL 30274 20.5 195 11566 9.11 11.9 254 8.74 BDL 0.21 1.63 0.72 378 0.39 215 
1.32 38430 31.4 271 15908 12.6 19.0 357 12.5 BDL 0.27 2.22 1.22 466 0.49 305 
BDL 44142 28.3 269 16552 12.0 15.8 235 9.49 0.38 0.13 0.96 1.02 496 0.53 147 
Backfilled 0.02 45269 34.4 339 18864 19.4 21.2 73.7 10.0 BDL 0.11 0.36 0.63 364 0.45 56.5 
3.04 41728 39.8 379 21599 21.3 22.8 71.5 10.1 BDL 0.11 0.41 0.70 356 0.46 64.2 
Pearl Pre 2.51 51995 71.2 701 28228 36.9 57.7 799 26.9 2.44 0.66 4.76 4.31 664 0.87 678 
4.41 40781 78.1 739 29151 32.6 58.4 785 29.1 BDL 0.53 4.89 3.72 625 1.21 839 
BDL 38970 36.7 329 16198 14.5 46.5 606 16.6 4.34 0.27 2.32 2.74 544 0.62 342 
BDL 43295 53.7 679 22515 21.5 38.6 1073 13.4 BDL 0.24 6.11 2.04 534 0.73 365 
After BDL 33315 25.7 144 10317 13.1 11.3 130 7.34 0.75 0.16 0.92 0.76 331 0.34 29.7 
0.64 40261 33.8 211 13240 16.1 27.2 142 26.4 BDL 0.19 0.84 1.81 439 0.47 17.8 
0.62 24309 21.0 173 8711 7.72 4.69 39.8 5.32 BDL 0.05 0.25 0.30 279 0.25 39.5 
Back filled 2.35 30084 35.0 319 17816 18.2 57.6 65.4 6.23 1.21 0.09 0.39 0.84 246 0.39 32.1 
    1.5 37428 38.1 364 19767 21.8 27.3 98.1 5.82 4.32 0.14 0.70 0.71 358 0.45 36.7 
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Figure 3.9: Temporal and spatial variations of soil Pb concentration in the study 
sites (a) 2630 Inglis; (b) 2377 Sharon; (c) 9178 Falcon; (d) 8080 Senator; (e) 2387 
Pearl. 
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3.3.1 Inhomogeneity of elemental concentrations in soil samples 
Metal concentrations in soil were determined before, and after 
deconstruction / demolition and after filling the foundation hole with soil brought 
from outside this region known as “Backfill”.  Because soil is comprised of different 
materials, which often interact with pollutants/contaminants in different ways, 
meaningful determination of soil metal concentrations in different phases of 
deconstruction and demolition was difficult (Figure 3.9). Soil materials generally 
comprised of particles of various sizes, which are composed of various minerals and 
organic substances.  
Many different types of soils exist, as defined by the nature of minerals 
present and their ratios to each other and to organic carbon content. Different soils 
can differ widely in their physical and geochemical properties. Contaminated soil is 
a heterogeneous mixture of particles that contain different amounts of 
contaminants. Due to heterogeneous nature of the soils of the study site, collection 
of representative sample is difficult. 
The arithmetic mean and standard deviation of the Pb concentrations of pre, 
after deconstruction/demolition are given in Table 3.15 and plotted in Figure 3.10. 
The Pb concentrations varied widely in soil samples in a house. For example, Pb 
concentrations in four soil samples collected before the beginning of deconstruction 
activity in Inglis house varied between 34 and 744ppm, with the arithmetic mean 
value of 416±270ppm. The corresponding values in Sharon, Falcon, Senator and 
Pearl are 275-595ppm (mean: 431±130ppm), 80-92ppm (mean: 87±4ppm), 138-
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648ppm (mean: 403±241ppm), and 342-839ppm (mean: 556±211 ppm), 
respectively.  
After backfilling, the concentrations of Pb and its heterogeneity decreased 
drastically (Figure 3.10), with the following range, mean with standard deviation: 
Inglis, Sharon, Falcon, Senator and Pearl houses had Pb concentrations of 48-66 
(mean: 57±9ppm), 49-55 (mean: 52±3ppm), 35-43 (mean: 39±4ppm), 57-64 (mean: 
60±4ppm) and 32-37 (mean: 34±2ppm), respectively. 
 
 
       
 
    
 
Table 3.15: Range and arithmetic mean concentrations of Pb in soils collected during pre-, and after 
deconstruction/demolition of the houses. 
  Before decon/demo After decon/demo Backfilled 
Site (house) N 
Pb conc. 
range (µg/g) 
Mean 
Standard 
deviation 
n 
Pb conc. 
range (µg/g) 
Mean 
Standard 
deviation 
n 
Pb conc. 
range (µg/g) 
Mean 
Standard 
deviation 
Inglis 4 34.0 – 744 416 270 3 24.4 - 94.0 49.5 31.5 2 48.2 - 66.0 57.2 9.12 
Sharon 4 275 – 595 431 130 3 237 – 378 322 61.1 2 48.7 - 55.0 51.9 3.23 
Falcon 4 80.1 - 91.9 87.2 4.43 3 22.1 - 78.7 44 24.7 2 34.7 - 42.9 38.8 4.11 
Senator 4 136 – 648 403 241 3 147 – 305 222 64.9 2 56.5 - 64.2 60.4 3.92 
Pearl 4 342 – 839 556 211 3 17.8 - 39.5 29 8.92 2 32.1 - 36.7 34.4 2.35 
n = number of samples, decon = deconstruction and demo = demolition. 
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Figure 3.10: Temporal variations of Pb concentrations in the study sites. Arithmetic 
mean and the standard deviation are shown in: (a) Pre- deconstruction/demolition 
Pb concentration; (b) After deconstruction/demolition Pb concentration; and (c) 
backfill Pb concentration in the 5 study sites. 
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3.3.2 Soil sample particle sizes and Pb concentrations 
Particle size fractions are the physical components of soils (Schulten and 
Leinweter, 2000). Ducarouir et al (1995) demonstrated that contents of heavy 
metals vary with the size of the particle fractions of soils and sediments. The finer 
grain sizes usually contain higher concentration of metals. This phenomenon has 
been attributed to amount and composition of organic matter and much large 
particle surface area per unit mass. Clay and silt have much higher surface area and 
retention capacity to sorption. The arrangements of fine particles reduce their 
interstitial and pore spaces making fine soil materials less porous, as a result, 
solution bound Pb is retained on the surface of fine grains compared to coarse grain 
soil material (> 250µm, 125-250µm and >63µm).  
The grain size analysis performed in Inglis and Falcon houses revealed the 
highest concentration of Pb in <32µm soil fraction (Table 3.16). In Inglis house, 
<32µm grain size fraction at 0 – 3cm, 3 - 6cm and 6 – 9cm soil core sections had the 
highest Pb concentration of 3692ppm, 3119ppm and 3937ppm respectively. Similar 
sequence was found in Falcon house, with <32µm grain size fraction in 0-3cm soil 
core section having the highest Pb concentration of 99.1ppm, in 3 – 6cm, 99.0ppm 
and 6 – 9cm section had 29.6µg/g (Figure 3.11). 
   
      
 
     
Table 3.16: Concentrations of Pb in different grain size fractions at different depths. 
Inglis   Falcon   
Depth 
(cm) 
Grain 
size 
(µm) 
Wt of soil 
fraction 
(g) 
% soil 
fraction 
Pb 
(µg/g) 
Bulk Pb 
conc. 
(µg/g) 
Depth 
(cm) 
Grain 
size 
(µm) 
Wt of soil 
fraction 
(g) 
% soil 
fraction 
Pb 
(µg/g) 
Bulk Pb 
conc. 
(µg/g) 
0 - 3 ≥250 2.5755 8.25 800 66.0 0 – 3 ≥250 3.3587 10.5 12.6 1.33 
125-250 12.3429 39.6 848 335 125-250 6.9430 21.8 16.8 3.66 
63-125 12.4020 39.7 1132 450 63-125 13.7505 43.1 19.3 8.32 
32-63 3.1858 10.2 2193 224 32-63 7.1060 22.3 22.1 4.92 
<32 0.6940 2.22 3692 82.1 <32 0.7378 2.3 29.6 0.68 
3 - 6 ≥250 2.1412 7.24 1069 77.4 3 – 6 ≥250 3.1741 10.3 24.7 2.55 
125-250 11.3685 38.4 1169 449 125-250 6.3196 20.6 30.6 6.30 
63-125 12.9381 43.8 1633 714 63-125 13.1147 42.7 30.2 12.9 
32-63 2.5056 8.47 2149 182 32-63 7.3600 24.0 50.1 12.0 
<32 0.6186 2.09 3119 65.2 <32 0.7402 2.4 99.0 2.39 
6 - 9 ≥250 2.1509 6.93 403 27.9 6 – 9 ≥250 3.2582 10.4 33.5 3.47 
125-250 12.0545 38.9 868 337 125-250 6.3196 20.1 35.4 7.12 
63-125 12.6522 40.8 1949 795 63-125 13.7161 43.6 44.6 19.5 
32-63 3.5202 11.3 2565 291 32-63 7.3600 23.4 51.4 12.0 
  <32 0.6434 2.07 3937 81.7   <32 0.7870 2.5 99.1 2.48 
 Bulk Pb conc. (µg/g) = ∑(% soil fraction/100)*Pb concentration (µg/g).
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Figure 3.11: Variation of Pb concentrations with grain size fractions in Inglis and 
Falcon house.  
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3.3.3 Vertical variation of Pb concentrations 
Downward migrations of Pb occur predominantly under conditions that 
favor the release of some organic matter from the soil. Several researches have 
shown that, highest concentration of Pb can be found at subsurface. The vertical 
variations of Pb concentration with depth in Inglis and falcon houses are plotted in 
Figure 3.12. The highest Pb concentration was found at the depth of 6-9cm (mid 
depth 7.5cm) in both Inglis and Falcon houses (Table 3.16). In both houses it was 
found that Pb concentration had migrated or leached vertically downward. Dorr and 
Munnich (1991), used atmospherically-delivered 210Pb as a tracer and confirmed 
that, the downward migration of Pb appeared to be associated with downward 
migration of organic matter. 
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Figure 3.12: Vertical variation of Pb concentration in Inglis and Falcon house. 
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Lead is the abundant element present in lead-based paint while arsenic, 
cadmium and chromium are likely presented common paint pigment. An attempt 
was made in this research to determine the relationship among these elements (i.e. 
Pb, As, Cr, and Cd in soil) if abundance of these elements could be linked to their 
sources. The correlation results are summarized in Table 3.14 and Figures 3.13, 3.14 
and 3.15.  
In Falcon, Sharon and Pearl house, Cd and Cr concentrations showed positive 
correlations with Pb concentration, except for the arsenic which showed no 
correlation with Pb concentration. The positive correlation of Pb concentration with 
Cd, Cr and As concentration demonstrated that their sources are likely the same. 
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Figure 3.13: Correlation between Pb and As in Inglis, Falcon, Senator and Pearl 
house.  
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Figure 3.14: Correlation between Pb and Cr in all the five houses. 
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Figure 3.15: Correlation between Pb and Cd in houses in Sharon, Falcon, Senator and 
Pearl.  
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CHAPTER 4 
CONCLUSION 
Effects of post industrialization in some large cities have resulted in a large 
number of deconstruction and demolition of abandoned homes which 
correspondingly increase air pollution that exposed a large number of people living 
in the urban areas to possible minor or major health hazards. Deconstruction of 
house is not so common in practice compared to total demolition, but it’s gaining its 
popularity because of possible less pollution release, income from the sale of 
salvaged materials, employment opportunity to people, reduced waste disposal and 
transportation costs. Based on the results presented in this study, the following 
conclusions are drawn:  
1. Ambient air Pb concentration in PM10 before the start of deconstruction and 
demolition activities ranged from 10.3 to 83.9µg/m3 in all the five houses, 
often exceeding U.S. Environmental Protection Agency National Ambient Air 
Quality Standards (NAAQS) value of 0.15µg/m3 and in some cases exceeding 
OSHA standard (Permissible Exposure Limit (PEL) 50µg/m3 and Action 
Levels (AL) 30µg/m3). The pre-deconstruction/demolition concentration of 
antimony concentration in PM10 aerosols ranged between 2.0 and 35.6µg/m3. 
These values also exceeded the ambient air levels of < 0.001 to 0.170µg/m3 
reported by the EPA (2000). In addition, concentration of Ba in PM10 samples 
collected before deconstruction/demolition activities varied between 18.4 
and 95.6µg/m3 and was also found to exceed ambient air Ba concentrations 
of 0.0015 to 0.95µg/m3 (EPA 1984). 
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2. Deconstruction and demolition activities of houses built before 1940 when 
the use of lead-based paint was prevalent in the United States, resulted in the 
release of airborne Pb and some other toxic elements such as arsenic, 
cadmium, chromium and zinc to the environment. (e.g. Pb concentration in 
aerosol samples collected in Inglis house increased from 10.3µg/m3 during 
pre-deconstruction to 202µg/m3 during demolition/clean-up activity). 
3. A strong positive correlation between aerosol mass concentrations and Pb 
concentrations in two of the study sites (Inglis and Sharon) were found 
during deconstruction and demolition activities (r = 0.97, p < 0.001 and r = 
0.86, p < 0.001 respectively). However, the correlation in Sharon house was 
little bit biased by one data point. In the other three sites, there were no 
significant correlation between the aerosol mass concentrations and Pb 
concentrations. Increase in aerosol mass concentrations in those three sites 
were likely associated with dust from the demolition of some building 
materials (e.g. wooden and/or brick dust) with low Pb concentration. 
4. In all of the study sites, the Pb/Al ratios in aerosols varied widely and these 
variations suggested that, Pb and Al had different sources. Increase in Pb 
concentration could likely be derived from the lead-based paint, while Al was 
likely from the terrigeneous dust. There was no correlation between arsenic 
concentration and Pb concentration in aerosols in all the study sites, and it 
appears that the sources of arsenic were likely from its usage as a wood 
preservative, which were used during building construction. 
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5. In all of the study sites, about 55% of the total 31 aerosol samples had Cd and 
Cr concentrations that were below detection limit (BDL) with the exception 
of Inglis house. In this site, the concentration of Cd during demolition was 
found to be higher than that in the pre- demolition which could be attributed 
to the cadmium used in the leaded paint as paint pigment. Chromium 
concentration in aerosol in pre deconstruction phase was found to be higher 
than that of during demolition, and the reason remains unknown. 
6. The Pb concentration decreased with increase in particle size in Inglis and 
Falcon house. This was attributed to the high surface area per unit mass in 
small grain size particles. 
7. Although most of anthropogenic Pb was deposited at the soil-air interface, 
highest concentration of Pb was found in the subsurface layers indicating 
vertical downward migration of soil Pb. 
8. Falcon house generally had the lowest soil Pb concentrations among all of the 
study sites during pre and after deconstruction/demolition activities. 
9. Backfill soil had the lowest Pb concentration compared to pre demolition and 
after demolition soil samples. Although the source of this backfill soil is 
unknown, it is important to point out that, high Pb concentrations in native 
soils were overlain by the backfill soils and these buried soils with elevated 
Pb could eventually leach downward and could reach the groundwater. 
10. There was a large variation in the concentration of soil Pb in a given site. 
Thus, it is very important to collect a large number of samples to estimate 
average soil concentration for any given site. 
 97 
 
     
4.1 Limitations and Recommendations 
1. The PM10 dust concentrations generated during demolition and clean-up 
activities varied from 145 to 1652µg/m3, and this exceeded permissible 
National Ambient Air Quality Standards (NAAQS) value of 150µg/m3 by a  
factor up to 11. Therefore, dust suppression mechanism is strongly 
recommended to minimize the plumes of dust associated with demolition 
and clean-up activities. Dust control methods include surface wetting, 
airborne capture (electrostatically charge fog or atomized spray) etc. Surface 
wetting is reported to be the common and cost effective method of 
controlling demolition dust. 
2. Due to heterogeneous nature of the soil and disturbed features that 
characterize the urban soil, collection of a representative soil sample is 
difficult. The pre- and after deconstruction / demolition soil sampling 
showed a high degree of variability in the soil Pb concentration from one 
location to another. As a result, the concentration of the Pb dust that fell on 
the surrounding soil during deconstruction and demolition could not be 
accurately determined. The actual depositional input of dust derived from Pb 
could be accurately estimated by collecting a depositional dust at different 
locations in the surrounding house during deconstruction, demolition and 
clean-up activities. This can be done by using a bucket containing dilute HCl 
medium to collect the Pb dust-fall and determining the depositional fluxes at 
different places surrounding the house, rather than determining the Pb dust-
fall concentration on the soil. 
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3. With our limited study of the aerosol dust-fall surrounding each of the 
property, we were unable to quantitatively say if the total Pb deposition in 
the property during total deconstruction activity in Sharon house was less 
than that of one-day total demolition activity in Pearl house. But by 
conducting a study suggested in above (2), we will be able to quantitatively 
assess this. 
4.2 Future Research 
Throughout this research work, the cause of high Pb concentrations in 
aerosol during pre-deconstruction and demolition are of serious concern. The pre-
air monitoring of Pb concentrations in all of the study sites, were found to be 
sometimes above Occupational Safety Health Administration (OSHA) standard 
(Permissible Exposure Limit of 50 µg/m3 and Action Level of 30µg/m3), but 
generally higher than that of U.S EPA limit. Although, there were multiple ongoing 
demolition and road constructions activities taking place in a close proximity to the 
study area, that could have contributed to higher concentration of airborne Pb. 
Nevertheless, it is important to identify why we had high concentrations of Pb. This 
can be quantified by knowing other nearly sites where demolition is going on and 
collecting samples in nearly all places in this area. 
In addition, the source of high concentrations of arsenic and chromium in 
some sites during pre-deconstruction air-monitoring still require future 
investigation. For those sites that showed positive significant correlation among Pb, 
As, Cd and Cr, their sources could be linked to the dust from the lead-based paint 
released during deconstruction and demolition which resulted in increased 
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concentration levels. But for the sites that showed high concentration of As, Cd and 
Cr and with no significant correlation with Pb, further research investigations need 
to be conducted to ascertain their sources.  Overall, based on the results of this air-
monitoring study of Pb and some toxic metals (such as: Be, Al, Cr, Mn, Fe, Ni, Cu, Zn, 
As, Se, Ag, Cd, Sb and Ba) conducted in Springwells Detroit Michigan, in which their 
concentrations were found in elevated values, it is concluded that, the air quality in 
this area was highly polluted, largely by anthropogenic sources. 
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ABSTRACT 
CHANGES IN THE LEAD CONCENTRATION IN AIR AND SOIL DURING HOUSE 
DECONSTRUCTION AND DEMOLITION: CASE STUDY SPRINGWELLS, DETROIT, 
MICHIGAN 
By 
AYOWALE E. AYODELE 
August 2014 
Advisor:  Dr. Mark Baskaran 
Major:  Geology 
Degree:  Master of Science 
Deconstruction or demolition of old houses containing lead-based paint 
release Pb to the air and soil in the surrounding. A suite of aerosol (large-volume 
aerosol sampler, PM10) and soil samples were collected before, during and after 
deconstruction-demolition-clean-up activities in 5 houses from Springwells, Detroit, 
Michigan and analyzed for Pb along with a suite of other elements (Be, Al, Cr, Mn, Fe, 
Ni, Cu, Zn, As, Se, Ag, Cd, Sb, Ba, and Tl) using ICP-MS.  
The ambient air Pb concentration in all 5 houses was found to exceed U.S 
Environmental Protection Agency National Ambient Air Quality Standards. 
Concentrations of arsenic and barium before deconstruction/demolition also often 
exceeded the ambient air levels reported in other places by U.S EPA. Highest 
concentrations of Pb in aerosols were found during demolition/clean-up activities. 
Positive or lack of significant correlation between aerosol mass and Pb 
concentration provide insight on the possible sources of aerosols and Pb.  
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Elemental ratio such as Pb/Al yields information on the sources of aerosols. 
Vertical profiles of Pb in soil cores indicate highest Pb concentration was found 
subsurface, potentially due to subsurface migration of Pb through the colloidal 
particles resulting from the re-mineralization of organic matter. The back-fill non-
native soil samples always had the lowest Pb concentration and filling the 
demolished sites with non-native soils have resulted in the burial of native soils 
with high concentrations of Pb.  
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